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Executive Summary

1.0 STUDY GOALS AND OBJECTIVES

This study was undertaken as part of the California Bay Protection and Toxic Cleanup Program
(BPTCP). The goal of the BPTCP is to maintain or improve environmental quality in the
State's bays and estuaries by idehtifying and protecting relatively unpolluted areas from inflows
of toxic chemicals, by identifying areas where concentrations of pollutants are associated with
adverse impacts on aquatic life and/or human health, by planning for the cleanup and/or
remediation of toxic sites, and by determining concentrations of chemicals.in sediments that are
associated with degradation of biological resources. To date, the primary focus of the program
has been the identification of toxic hot spots,.lo'calized areas where elevated concentrations of -
toxic pollutants are found in association with adverse biological impacts.

Implicit in the definition of a toxic hot spot is the assumption that pollution in a‘localized area is
worse than in surrounding areas, either in the same water body or in the Region where the hot
spot exists. The goal of the current study was to adequately characterize ambient conditions in a
water body, San Francisco Bay, to provide a standard against which to compare measurements
from sites being investigated as possible hot spots. However, since program goals are to
manage the State's bays and estuaries to promote environmental quality, it is not sufficient to
simply characterize the "average" condition of a water body, but instead the goal of this study - -
was to characterize the "optimal ambient conditions" currently existing. Therefore, this study
focused on the identification and evaluation of sediment reference sites, the least polluted fine-
grained sediment sites that could be found in San Francisco Bay with reasonable sampling effort.
Reference site evaluations were based on criteria established by reviewing relevant scientific

literature and consulting with the BPTCP Scientific Planning and Review Committee.

To meet this goal and to support cdntinuing BPTCP investigations, this study focused on four
objectives: '

1) to identify and evaluate sediment reference sites in San Francisco Bay,

2) to evaluate appropriate sediment toxicity test methods for use in San Francisco Bay,

3) to evaluate a statistical method (the ”referenée‘envelopev approach") that uses toxicity test
data from reference sites to establish relative standards against which to compare results
from test sites, and

4) to investigate the use of toxicity identification evaluations (TIEs) in determining the causes

* of toxicity at sites with both high and low concentrations of measured pollutants. Results

of investigations to address this fourth objective were presented in a previous report.



2.0 TASKS ACCOMPLISHED

Seven sites were selected as candidate reference sites based on available data. Criteria for
acceptable sediment reference sites included low levels of toxic chemicals, sediment grain size
profiles similar to depositional areas that often serve as sinks for anthropogenic chemicals, and
location remote from pollution sources. A number of reference sites were investigated to
encompass the major reaches of the Bay and to cover a wide salinity range. Benthic ecological
criteria were secondary in reference site selection, though some investigations of benthic
cbmmunity strticture were undertaken through cooperation with the San Francisco Bay/Delta
Régional Monitoring Program (RMP). The condition of resident benthic biological

- communities is often considered a critical indicator of sediment quality, but salinity fluctuations
"and successive invasions of exotic species in San Francisco Bay cause a high degree of

variability in species composition, making it difficult to resolve pollution impacts on benthic

communities.

- Two sites in'S'an_ Pablo Bay (North San Francisco Bay), one site in Central San Francisco Bay,
two sites in the South Bay, and two sites outside of the Bay were investigated. They were
identified as Island #1, Tubbs Island, Paradise Cove, North South Bay', South South Bay,
Marconi Cove (Tomales Bay) and Audubon Canyon (Bolinas Lagoon), respectively. Three
stations were established at each site. Surveys were conducted during three separate seasons,
late Summer 1994 and late Winter/early Spring 1994 and 1995. Three stations at each of the
three sites in the North and Central Bay were sampled during each survey (27 samples), while
sites outside the Bay (Tomales Bay and Bolinas Lagoon) were sampled less frequently as
sampling effort was directed toward the two sites in the South Bay. A total of 43 reference site
samples were collected for the analyses described below. In addition, three potentially polluted

sites were sampled once each for comparison.

Sediment grain size and total organic carbon (TOC) content were measured in all samples. All
samples were tested for sediment toxicity, using up to nine different toxicity tests per sample.
A series of standard toxicity tests was conducted on every sample, including tests of
homogenized sediment using the amphipods Ampelika abdita and Eohaustorius estuarius, and
tests of sediment porewater using embryos of two invertebrates, the bay mussel Mytilus sp.

~ and the sea urchin Strongylocentrotus purpuratus. Additional sediment toxicity tests were
conducted on substantial subsets of reference site samples. These additional tests were ‘
designed to address specific study needs, such as screening for TIEs or evaluating the effects

of sediment homogenization. and included sediment porewater and intact sediment cores tested
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with the amphipod Eohaiustorius estuarius, homogenized sediment tests with both the -
polychaete worms (Neanthes arenaceodentata) and the Leptostracan crustacean Nebalia
pugettensis, and tests of sea urchin embryos exposed at the sediment-water interface.

Concentrations of sediment ammonia and hydrogen sulfide were measured in all toxicity tests.

Sediment chemistry was measured at all reference sites sampled during two of the three

" surveys. Chemical analyses included measurement of 16 trace elements, 36 pesticides, 24

PCB éongeners, and 24 polycyclic aromatic hydrocarbons (PAHs).

‘The two San Pablo Bay sites and the Central Bay site were sampled for benthic community

analysis three times as part of the RMP pilot study. These samples were evaluated based on
the presence or absence of organisms known to be indicative of either degraded or non-

degraded sediments..

Toxicological, chemical, and physical measurements were analyzed to determine significant
correlations and to evaluate potential sediment toxicity test reference sites. In addition to
evaluating reference sites, the data were used to evaluate the nine toxicity test protocols to
determine which were most useful in the Bay. Data from all San Francisco Bay reference sites
were used to establish a population of reference site toxicity values (the "reference envelope”)
that could be used to determine tolerance limits against which to compare the résults of test sites
in future sediment toxicity surveys. This evaluation of reference envelope tolerance limits
included additional reference site data from BPTCP hot spot screening surveys and RMP semi-

annual Bay-wide surveys.

Toxicity ideﬁtification evaluations (TIEs) designed to investigate the causes of sediment toxicity
were conducted at four sites: one site remote from sources of pollution (Toma]es Bay), and
three sites heavily influenced by human activities [Islais Creek, Mission Creek (China basin),
and Gu;idalupe Sl_ough]. The results of these TIE investigations are presented in a separate
report (Hansen et al. 1996). ‘

3.0 MAJOR FINDINGS

3.1 Evaluation of Reference Sites

Reference site sediments consisted primarily of fine-grained silts, clays and colloids, similar to
the grain size regime characteristic of depositional areas where pollutantc accumulate. Total
organic carbon ranged from 0.74% to 2.39% at reference sites, a range that covered TOC

values found at most test sites.



Anthropogenic chemicals were generally found at relatively low concentrations at reference
sites. Two elements, nickel and chromium, derived primarily from geologic sources, were
found at moderately high concentrations at all sites. Sediment quality guideline values were
exceeded for three other chemicals, the PAH dibenz[a,h]anthracene in a Paradise Cove sample,
and the pesticide products p'p’'DDT and total DDT, which were highly elevated in a
measurement from a San Pablo Bay Island #! sample. A replicate analysis of the Island #1
sample failed to duplicate the high DDT values (they were not detected in the second replicate),
and the High variability indicated that the mass of these chemicals may have been small, highly

concentrated, and of uncertain biological significance (the sample was not toxic in any test).

The RMP pilot study of benthic community structure included data from three of the reference
sites. Island #1 was found to have a relatively low incidence of species characteristic of non-
impacted conditions and a relatively high incidence of species characteristic of impacted
conditions. This site was tentatively identified as being moderately impacted by pollutants.
Paradise Cove had opposite proportions of indicator species, indicating a non-impacted benthic
fauna, and Tubbs Island was intermediate between the two in terms of possible pollutant
impacts. These results were considered preliminary, and the variable and unstable nature of
benthic communities in San Francisco‘Bay increases the uncertainty inherent in these
characterizations. But the combined ecological and chemical data indicate that these sites are
clearly not pristine, but may adequately represent the least polluted sites likely to be
encountered given the constraints of fine grain size, Bay-wide distribution, and logistical

- concerns of accessibility and sampling effort.

- Toxicity tests of sediments from reference sites in San Francisco Bay produced rates of
survival, growth and normal larval development that were similar to those observed in
laboratory controls. Results from the two standard embryo/larval development tests (using
mussels and sea urchins) in porewater were always greater than 85% of control values, as were
results of sea urchin embryo/larval tests at the sediment-water interface. The two standard ‘
amphipod tests of Bay reference sediments generally produced results greater than 80% of test
controls, and always greater than 60% of control values. One of 33 Ampelisca tests was below
80%, while 9 of 33 Eohaustorius tests were below 80%. Survival of polychaete worms was
similar to that of Eohaustorius in reference site sediments, though worm growth was more
variable. The three test protocols designed for speéific applications (Eohaustorius in intact
cores and porewater. and Nebalia in homogenized sediment) produced highly variable results,

as discussed below.




3.2 Evaluation of Sediment Toxicity Tests

Criteria for evaluating sediment toxicity tests included test success rate, variability between
laboratory replicates, tolerance to fine-grained sediments, tolerance to ammonia and hydrogen
sulfide, salinity range, and ability to discriminate between sediments from impacted and |
reference sites. Tests with the amphipod Echaustorius in homogenizéd sediment ranked well
in all categories. The test is tolerant of a wide range of grain sizes and salinity, is tolerant to
moderate concentrations of ammonia and hydrogen sulfide, met all test acceptability criteria,
and distinguished between sediments from reference and impacted sites. Tests with the
amphipod Ampelisca had lower salinity tolerance,-and met test acceptability criteria only when
test organisms from the east coast were used. However, it was similar to Eohaustorius in its
sensitivity to test sediments and in its tolerance of ammonia and hydrogen sulfide, and it may
have greater tolerance to fine-grained sediments. Embryo/larval tests with sea urchins met all
test acceptability criteria and are sensitive to pollmants, but their salinity tolerance is‘limi»ted.
Embryo/larval tests with mussels have greater salinity tolerance and cofnparable toxicant
sensitivity, but had a lower test success rate. Both of these tests are sensitive to ammonia and
hydrogen sulfide. which limits their applicability in porewater exposures.

An additional consideration in estuarine porewater testing is that sample salinity adjustment
causes variable dilution of other sample constituén_ts, including pollutants (see Methods Section
3.2). The amount of sample dilution is depénd_ent on the original salinity, and thus samples |
from the same survey may be tested at varying levels of dilution, complicating comparisons of
test results among sites. Sediment/water interface (SWI) exposure systems minimize problems
“associated with salinity, variable sample dilution, ammonia, and hydrogén sulfide, while '
increasing the ecological relevance of these embryo/larval tests. In SWI exposures, embryos
are held on a screen one centimeter above the sediment surface in clean overlying water.
Overlying water from the same source is used for all samples, so that the effects observed are
only those caused by constituents fluxing from the test sediments. Embryos may be similarly
exposed in natural settings when they settle to the sediment to develop before hatching.

The polychaete worm Neanthes and the Leptostracan crustacean Nebalia are both very tolerant
of ammonia and hydrogen sulfide, but were also unaffected by sediments from highly impacted
sites. Neanthes tests met control acceptability criteria in two of three irials, while Nebalia tests,
which were under development as a sulfide tolerant method, failed in two of three trials. Tests
of amphipods in both intact cores and porewater produced highly variable results. These tests



were employed for specific purposes, and are not likely-to be recommended for monitoring

surveys without extensive modification.

/3.3 Evaluation of Reference Envelope Statistical Method .
The "Reference Envelope" approach was developed to provide an appropriate statistical method
for determining whether conditions at test sites were significantly worse than those in the
surrounding area. This objective is different from that of determining absolute sample toxicity.
Rather than comparing results of test samples with laboratory controls using laboratory
replicate variance as the statistical test variance component, the reference envelope method
establishes tolerance limits based on test results from reference site samples. Tolerance limits
are calculated to identify samples significantly more toxic than a chosen proportion of the
reference site distribution, and statistical significance is determined using variation among
reference site results. In this way, the method considers all relevant sources of variation that
could affect comparisons between sites, such as variation in time and space, the interaction of
time and space components, and variation between replicates (the error term). If natural factors
such as grain size vary among reference sites or between surveys, then the effects of these
factors are accounted for in the analysis. Any additional variation (i.e. increased toxicity) is

assumed to be the result of increased pollution at test sites.

Reference site data from this study, from BPTCP hot spot screening surveys, and from RMP
Bay-wide surveys were used in the calculation and evaluation of tolerance limits. All toxicity.
test protocols produced data that were normally distributed. Of 238 reference site values, eight
were identified as outliers, using a conservative statistical outlier detection method. Tolerance
limits calculated from this data set varied with data distribution, occurrence of outliers,
referénce envelope "p" values, and method of calculation. The "p" value is the proportion of
the reference site distribution selected for the tolerance limit. For example, a "p" value of 10
would set the tolerance limit such that any sample with a test result below the limit would be as
toxic or more toxic than the worst 10% of samples expected in the water body characterized by

the reference sites.

Tolerance limits were highest when calculated from data with high mean values and low
variability among reference sites. The sea urchin embryo/larval development fest had the
highest tolerance limits (e.g. 93% of the control value at a "p” value of 10). Such high
tolerance limits are indicative of consistently high reference site values, but do not necessarily
indicate that the level of response was biologically significant. In such cases. we would

recommend deferring to a "detectable difference” criterion (such as described by Thursby et al.,




1997). Data sets with relatively low values and high variability often produced tolerance limits
~ that were negative. Toxicity test standards below zero clearly have no utility, and these data
cannot be used in this approach. The amphipod tests using homogenized sediment had
tolerance limits ranging from 60% to 70% of control values (for p = 10).

An additional element of the study involved the selection of appropriate methods for calculating
tolerance limits. Three methods were evaluated. One method was non-parametric, the second
used a "naive” variance that assumed only a single source of variation (such as when all sites
are sampled at one time, or only one site is sampled often), and the third method assumed
multiple sources of variation, which is appropriate for this and most other studies, but involves
more elaborate calculations. The single and multiple variation methods produced similar results
when most of the variance in the data set was distributed in the error variance component.
When variance was distributed more evenly among time, space, interaction, and error '
components, the results of the two methods diverged. Non-parametric tolerance limits
depended on the absolute range of toxicity values in the reference site. data set.

Appropriate application of the reference envelope approach and the resulting tolerance limits
will depend on professional judgment in determim’r‘lg. the quality of the reference data base,
selection of "p" values, and suitability to the goals of the investigation. Reference site data
bases with less than about six values probably cannot produce acceptable tolerance limits, and
tolerance limits based on less than twenty reference site values should be applied with caution.
This method can effectively distinguish impacted sites from optimal ambient conditions if those
conditions are well characterized and the assumptions of the method are met. In some cases,
entire water bodies may be polluted to the extent that optimal ambient conditions are not a
Sufficient standard for comparison, and other methods would need to be applied to measure |

and improve environmental quality.

Results of this study indicate that the reference sites evaluated are not pristine, but have
relatively low concentrations of pollutants, and probably approximate optimal ambient
conditions for fine-grained sediments in San Francisco Bay. Many toxicity test protocols
produced distributions of reference site data that could be used to calculate reasonable toxicity
tolerance limits. Successful application of this information for monitoring activities will require
continued sampling of reference sites coincident with monilorin'g su‘r‘\ff‘ey‘s, and thoughtful

selection of reference envelope "p" values, based on careful consideration of data quality and

study objectives.



Introduction

1.0 BACKGROUND
San Francisco Bay is typical of estuaries worldwide in that it provides critical habitat for

aquatic species, including many commercidlly and ecologically important marine species that
use estuaries as rearing grounds for early life stages (Conomos et al., 1979). It is also typical
in that it supports tremendous economic and industrial activity related to its international port
facilities that take advantage of the Bay's natural harbor. Industry, population growth, and
pesticide applications over the vast agricultural area that drains to the Bay have resulted in
‘historical and current inflows of toxic chemicals (SFEP/AHI, 1991). Public concern for
human health, aquatic life and other beneficial uses of Bay waters has prompted continuing
efforts to understand and monitor the effects of pollutants. The gozil of the present study is to
assist in the assessment of pollution impacts by evaluating methods to determine whether ,‘
adverse biologicdl responsés observed in samples from San Francisco Bay are caused by
localized concentrations of pollutants in Bay sediments or by factors operating on a wider

. scale throughout the Bay. This is part of an effort by the Regional Water Quality Control
Board and the State Water Resources Control Board to identify toxic hot spots in California's
bays and estuaries through the Bay Protection and Toxic Cleanup Program. Deterniination of
statistically significant toxicity relative to responses observed at reference sites representing
optimal ambient conditions found within the Bay will help to identify and prioritize sites for

regulatory and/or remedial action.

Chemical pollutants entering aquatic environments commonly bind to particulate matter and
tend to accumulate in sediments. The fate of pollutants in sediments is regulated by complex
geochemical'processes that control the availability of these chemicals to infaunal and water
column biota. Because chemical bioavailability in sediments is difficult to predict, and
because varying concentrations of numerous anthropogenic chemicals have been measured in
‘sediments from locations throughout the Bay, it is difficult to determine whether chemicals
found at study sites are likely to result in adverse impacts to biological communities.
Knowledge of sediment chemical concentrations alone is currently insufficient to accurately
| predict biological effects on a site-specific basis (Long et al., 1998), and most investigations
include effects-based measurements using biological indicators. A weight-of-evidence
approach involving collection of synoptic chemistry, benthic ecology, and toxicity data is
particularly useful in determining the probability of biological impacts from polluted
“sediments (Chapman et al., 1987).




While pollution effects may occur at various levels of biological organization from enzymes
to ecosystems, the current study has focused on impacts to individual organisms, as measured
in sediment toxicity tests (bioassays). Toxicity tests, measuring survival, growth, and normal
development of aquatic organisms after laboratory exposures to sediment samples, are
commonly used in fegulatory assessments. Sediment toxicity tests alone do not provide

_sufficient information to allow an understanding of processes controlling the biological
impacts of pollutants, and have a limited ability to predict damage to natural ecoéy'stéms
(Luoma and Carter, 1993). However, they are useful tools for identifying toxic sedime'nts for
a number of reasons. Sediment toxicity tests can be simple, of short duratio’n, and precise for
statistical analyses (Swartz et al., 1985a). The test organisms exhibit quantifiable, oniously
detrimental responses to the integrated effects of sediment coniaminams, and relationéhips
between toxicity tests results and benthic community indices have been demonstrated along
contamination gradients (Swartz et al., 1982, 1985). '

2.0 STUDY OBJECTIVES
The present study had four objectives:
1) identify and evaluate sediment reference sites in San Francisco Bay,
2) evaluate appropriate sediment toxicity test methods for use in San Francisco Bay,
3) evaluate a statistical method (the "reference en\;elope" approaéh) that characterizes
toxicity test responses expected from samples in the absence of severe localized
pollution to provide a relative standard against which to compare results from test
sites, and
4) investigate the use of toxicity identification evaluations (TIEs) in determining the
causes of toxicity at sites with both high and low concentrations of measured

anthropogenic chemicals.

2.1 Identification of Sediment Reference Sites _

The first objective was to identify and evaluate reference sites in San Francisco Bay.
Previous studies have attempted to identify and set criteria for sites from which reference
sediment samples could be collected (USEPA, 1986; PTI, '1991). Criteria include low
concentrations of anthropogenic chemicals, distance from known méjor sources of pollution,
and natural features such as grain size and total organic carbon (TOC) that are similar to test
sediments (PTI, 1991). Potential reference sites for this study were selected on the basis of
these factors. Bulk sediment trace metal and organic chemistry analyses were conducted as
pari of this stu‘dy and were included in the reference site selection pr‘oéess. |



Anélysis of benthic community ecology was secondary. in the seléction of reference sites,
because benthic communities in San Francisco Bay, to a greater extent than in many other
estuaries, are often dominated by introduced opportunistic species whose abundance is
strongly affected by seasonal salinity fluctuations (Nichols and Thompson, 1985). While
benthic ecological assessments are among the best indicators of sédiment quality (Chapman
: et'al., 1987; Swartz et al., 1985b), variability in species composition in San Francisco Bay
due to salinity fluctuations and successive waves of invading species were expected to
substantially limit the use of ecological data in reference site selection. However, through a
cooperative effort with the San Francisco Estuary Regional Monitoring Program (RMP),
benthic community data were collected at three candidate reference sites. Species
assemblages at these sites were characterized and compared to those from other sites

| throughout the Bay/Delta.

2.2 Evaluation of Sediment Toxicity Test Methods

The second objective of this study, evaluation of appropriate sediment toxicity test methods
for use in San Francisco Bay, is part of continuing efforts to select monitoring tools that
effectively distinguish areas impacted by pollution. Of the numerous toxicity test species and
protocols available, the constraints of salinity, grain size and seasonal factors in the Bay have
limited the number of tests suitable for regulatory application (Long et al., 1990). Sediment
toxicity tests were chosen for evaluation in this study based on a number of criteria, including
ecological relevance, wide acceptance in the scientific community, sensitivity to pollutants,
success rate, precision among replicates, and tolerance to natural factors of salinity, grain

size, sulfide, and ammonia.

2.3 Evaluation of the Reference Envelope Statistical Approach

231 Reference Envelope Concept -

The third objective of this study was to evaluate a statistical method that could identify
significantly toxic sites based on comparisons with toxicity data from reference sites within
San Francisco Bay. As with chemical measurements, toxicity tests yield data on a
continuum from low values to high, and it is necessary to distinguish between sites where
toxicity is clearly indicative of localized pollution and sites where test results are
characteristic of less impacted areas of the Bay. Since samples from a group of study sites
would be expected to exhibit some level of variation in toxicity test response even in the
absence of pollution, a method is required to determine what level of test response is
significantly greater than expected of samples representing optimal ambient conditions in the
Bay. The reference envelope approach uses reference site data to calculate tolerance limits
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as relative standards against which to compare results from test sites. Tolerance limits are

" "

specified by a given proportlon ("p") of the reference distribution, and samples that are more
toxic than the tolerance limit would be considered among the most toxic "pth" percentile of
the Bay as represented by the reference sites. * Specific details of this approach are given in

part 10.3 of the Methods section. .

2.3.2 Optimal Ambient Conditions

The term "optimal ambient conditions" is used throughout this report to indicate the least
impacted state in which fine-grained sediment's are likely to be found'in the different basins
of San Francisco Bay: It is not intended to 1mp]y average" conditions, since the average
state of Bay sediments may be unacceptable i in terms of pollutant impact. The sites evaluated
in this study may not be the least polluted in San Francisco Bay; substantla]]y greater
sampling effort would be needed to make that determination. However, as part of the first
objective of this study, we have sought to identify sites exhibiting less human impact and
chemical contamination than had been found in previous studies of other areas in the Bay. In
this context, the term "ambient” is defined as representative of conditions existing over a
relatively large area. Reference sites are considered to be representative of "optimal ambient -
conditions," rather than "background"” conditions thought to exist prior to anthropogenic

influence.

In an estuary as heavily urbanized as San Francisco Bay, it is probable that all sites have
detectable levels of anthropogenic chemicals and some resulting potential for causing adverse
biological effects. However, logistical constraints of the BPTCP require that toxic hot spot
identification efforts be focused on sites where it can be clearly demonstrated that observed
toxicity is due to localized pollution rather than to conditions thought to occur in a much

wider geographic area.

2.3.3 Absolute and Relative Standards _

The objective of determining significant distinctions between test sites and reference
conditions is different from that of determining the absolute toxicity of a sediment sample.
For this latter purpose, statistically significant sediment toxicity is often determined through
‘comparisons of test samples against laboratory controls using standard t-test statistics (e.g.,
Schimmel et al., 1994). Laboratory controls are generally samples of sediment from the site
where the test organisms are collected, and are thus expected to produce minimal toxicity
(e.g., less than 10% mortality). The variance component of the t-test, as commonly applied,

is the variance among responses from laboratory replicate test chambers. Variation among
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study sites is not considered, even though toxicity test results could-vary considerably among
sites even in the absence of toxic chemicals. This approach, therefore, uses variability
among laboratory replicates to determine whether the difference between a test sample and a
control is statistic'ally significant. We might consider the control in this case to be an
absolute standard: the response of healthy animals in their native sediment. The reference
envelope approach, in contrast, uses variation among reference site test results to determine |
the statistical significance of differences between test site results and tolerance limits ,
calculated from reference site data. The method provides a relative standard that incorporates
all types of variance that affect differences between sites over the course of a study.
Variation in space (among reference sites), time (among_surveys), space/time interaction, and
among replicates (the error term) are all considered in determining the significance of

tolerance limits.

2.3.4 Alternative Approaches to Use of Reference Sites

Reference sites have been used pr‘eviously as relative standards for comparison with test sites
(e.g., USEPA, 1986). In the simplest case, a sample from a single reference site can be
compared to a test sample using laboratory replication and a t-test. Field replicates can be
incorporated into ex.perimental designs to more accurately characterize field variance, but
variation within a site on a given sampling date may not adequately represent variation
occurring throughout the study area over multiple sampling times that usually characterize
long-term studies. A far more comprehensive method has been developed for freshwater
systems, involving the use of large numbers of extensively characterized reference sites that
are classified into groups using cluster analysis and ordination. Ordination scores are then
correlated with non-anthropogenic variables to generate a model of how similar sites should
respond in toxicity tests. Sites producing greater toxicity than predicted by the models would
be considered toxic due to anthropogenic factors (e.g., Reynoldson et al., 1995). This
method, however, requires a very large number of reference sites to model multiple
environmental conditions, and may be difficult to implement in a setting as complex as a
large estuary. The reference envelope approach evaluated in the present study is an attempt
to use toxicity data from multiple reference sites to generate a population of reference values
that provide a relative standard against which to compare data from test sites.

2.3.5 Implications of Unexplained Toxicity

An additional consideration in evaluating the reference envelope approach is that samples
from sites with low levels of measured pollutants have been shown in some cases to be
significantly more toxic than laboratory controls (Long et al., 1990. USEPA, 1986).




. Observed toxicity from these presumably "clean" sites is unexplained, but the implications
are important for regulatory decision making. If, on the one hand, the observed toxicity is
due to unmeasured pollutants, and there are many anthropogenic compounds that are not
routinely measured in sediment assessments, then the site should probably be targeted for
further regulatory attention and not used as a reference site. However, the toxicity may be
the result of natural variation, or response to naturally occurring compounds, such as algal
toxins associated with fish kills (Burkholder et al., 1992). More than 1500 halogenated
chemicals of natural origin have Been isolated from the environment, and many have been
shown to be toxic to humans, livestock, fish, mollusks, and mosquitd larvae (Gribble, 1992). '
In such cases, this "natural” variation in toxic response should be included in the background
variance éomponent of any statistical approach used to evaluate the significance of test site
data. To our knowledge, however, there is no evidence that natural toxins are responsible
for observed responses in sediment toxicity tests. Care must be taken, therefore, in selecting
reference sites that are indicative of ambient variability without incorporating sites with
severe toxicity that may be related to unmeasured or poorly understood pollutants. A

~ component of this study, part of the fourth objective described below, was to use toxicity

identification evaluation (TIE) techniques in an attempt to understand the causes of toxicity

at such sites.

2.4 Effects of Sediment Grain Size

Of the natural factors that may affect the results of toxicity tests using infaunal organisms,
grain size was selected for additional analysis as part of this study. High proportions of fine-
grained sediment have been shown to adversely affect test amphipods to some degree
(USEPA, 1993; DeWitt et al., 1988). Oakden et al. (1984) found amphipods were capable of
distinguishing between paired sediment samples with slight differences in mean grain size,
and niche diversity of amphipods has been related to very specific grain size requirements
(Oliver et al., 1982; Oakden, 1984; Bousfield, 1970; Dennel, 1933; S‘ameoto,’ 1969;
Biernbaum, 1979; Finchham, 1969). Ott (1986) concluded that fine-grained sediments are
very diverse in characteristics; some of the finest-grained sediments have less impact on
amphipods if they are incorporated in organic matrices. Johnson (1974) determined that in
some samples, up to 70% of the mineral grains were found in organic matter aggregates such
as fecal material, and that nearly all clay and silt-size particles were incorporated into an
organic matrix. Informatiori on organic matrices is not available from standard grain size
analyses. However, in one sampling period of this study, we employed microscopic analysis
as proposed by Johnson (1974), in addition to the more common hydrometric techniques, to



further investigate the relationship between grain size and toxicity test response at sites with

relatively low contaminant concentrations.

2.5 Toxicity Identification Evaluations

The fourth objective of this study was to investigate the use of toxicity identification
evaluations (TIEs) in determining the causes of toxicity at both polluted sites and at potential
reference sites that had previously produced toxic samples despite relatively low
concentrations of measured contaminants. Existing TIE methods (Burgess et al., 1996; -
Mount, 1988; Mount and Anderson-Carnahan, 1988a, b) were evaluated, and modifications
were made where necessary to adapt these methods for use with the test organisms used in
this phase of the study (embryos of the purple sea urchin Strongylocentrotus purpuratus,
embryos of bay mussels Mytilus spp., and adult amphipods Eohaustorius estuarius). Toxic
samples from three sites previously shown to be contaminated (Islais Creek, Guadalupe
Slough, and East China Basin) and one site from a remote unpolluted area (Marconi Cove in
Tomales Bay; Flegal et‘al., 1994) were chemically manipulated in attempts to selectively
remove sample toxicity. By comparing the toxicity of sample fractions to the toxicity of the
original sample, classes of compounds could be systematically eliminated as candidate

chemicals likely to be responsible for observed toxicivty at the test sites.

3.0 SAMPLING APPROACH
To accomplish the goals of this study, we conducted as many as nine different sediment

toxicity tests at seven field-replicated sites in or near San Francisco Bay during three seasons.
Toxicity test results were compared with sediment grain size and measured concentrations of
trace metals, trace organics, ammonia, hydrogen sulfide, and total organic carbon (TOC) to
investigate causes of variation in test response at selected reference sites. Data were also
collected from test sites to allow an evaluation of each toxicity test's ability to distinguish
between reference and impacted sites, and to determine how results from impacted sites
compared with tolerance limits established using the reference envelope statistical approach.
The results of these investigations are presented in this report. The TIE investigations were
conducted at another facility, and are presented. in a separate document (Hansen and

Associates, 1996).




Methods

1.0_SITE SELECTION

1.1 Reference Sites ,

Seven sites were selected for evaluation as reference sites to be used in future toxicity -
assessments in San Francisco Bay. Sites were evaluated based on critefia‘estab]ished in
previous studies (USEPA, 1986; PTI, 1991; Long et al., 1990), including: low concentrations
of anthropogenic chemicals, distance from known major sources of pollution, and natural
features such as grain size and total organic carbon (TQC) that are similar to test sedimen'ts.'
Sites with f‘mefgrained sediment were selected because most heavily polluted test sites have
been found in depositional areas with fine sediments. Three field replicates were collected at .
each site (Appendix 1). Sites selected for initial evaluation as reference sies are shown in

Figures 1 through 4 and are listed below (Table 1).

Table 1a. Reference sites evaluated and used in the development of toxicity tolerance limits.

Water Body Location Station # Latitude Longitude Sampling Dates
Central SF Bay Paradise Cove 20005 37,53,95N ‘ 122,27,86W 4/94, 9/94, 3/95
‘San Pablo Bay  Tubbs Island 20006  38,06,87N 122,25, 16W - 4/94, 9/94, 4/95

San Pablo Bay Island #1 20007 38,06,72N  122,19,71W  4/94, 9/94, 4/95
South SF Bay  North Site 20013  37,34,23N  122,08,98W - 3/95
South SFBay  South Site 20014  37,32,18N 122,07,16W  3/95

Table 1b. Reference sites evaluated but not used in the development of toxicity tolerance limits.

Water Body Location - Station# __Latitude LOnQiiude Sampling Dates
Bolinas Lagoon Audubon Cyn 20008  37,554IN~ 122,40,57W 4/94
Tomales Bay Marconi Cove 20009  38,08,36N 122,52,46W 4/94.9/94, 3/95

1.2 Test Sites
In addition to potential reference sites, one sample was collected from each of three sites where

previous studies had shown either high toxicity or high levels of toxic chemicals (e.g. Flegal et
al., 1994; Anderson et al., 1995; Long et al. 1988). Data from these sites were compared
against reference sites as part of the evaluation of toxicity tests and the reference envelope

~ statistical approach. Locations of these test sites are shown in Figures 2 and 3, and are listed

below.



- Figure 1. Location of Study Area.
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Figure 2. Overview Map of Study Sites in and near-San Francisco Bay.
Black stars indicate reference sites; black squares indicate test sites used
for comparison. Gray stars indicate sites outside of San Francisco Bay
that were investigated as potential reference sites.
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Figure 3. Location of Reference Sites in San Pablo Bay and San
Francisco Bay.

/
Tubbs Island/
Island #1

0 5 10

; . [ ——— )
N Paradise Cove. : Kilometers
\YN{ A
i
(=]

3

= ~_ T

—

— S. South Bay

18




Figure 4. Location of Test Sites in San Pablo Bay and San Francisco Bay.
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Table 2. Test Site used in evaluations of toxicity test protocols and toxicity tolerance limits.

Water Body Location Station # _Latitude Longitude Sampling Dates

San Pablo Bay Castro Cove 20010 37,57,26N  122,24,09W 9/94

South SF Bay Islais Creek 20011 37,44,90N 122,23 51W 9/94

Central SF Bay Treasure Is. 20012 37,48,86N 122,21,86W 3/95
Clipper Cove _ :

2.0 SAMPLE COLLECTION AND PROCESSING
2.1 Summary Of Methods
This section describes specific techniques for collecting and processing samples. Because

collection of sediments influences the results of all subsequent laboratory and data analyses, it
was important that samples be collected in a consistent and conventionally acceptable manner.
Field and laboratory technicians were trained to conduct a wide variety of activities using
standardized protocols to ensure comparability in sample collection among crews and across

geographic areas.

2.2 Cleaning Procedures _
All sampling equipment (i.e., containers, container liners, scoops, water collection bottles) was
made from non-contaminating materials and was precleaned and packaged protectively prior to
entering the field. Sample collection gear and samples were handled only by personnel
wearing non-contaminating polyethylene gloves. All sample collection equipment (excluding
the sediment sampler) was cleaned by using the following sequential process:

1) two-day soak and wash in Micro (brand) detergent,

2) three tap-water rinses, A ' '

3) three deionized water rinses,

4) a three-day soak in 10% HCI or HNO3,

5) three ASTM Type 1I--Milli-Q -- water rinses,

~ 6) air dry,

7) three petroleum ether rinses, and

8) air dry.
All cleaning after the Micro (brand) detergent step was performed in a/positive pressure "clean"
room to prevent airborne contaminants from comaéting sample collection equipment. Air

supplied to the clean room was filtered.




The sediment sampler was cleaned prior to entering the field, and between sampling stations,
by u'tilizin'g the following sequential steps: a vigorous Micro (brand) detergent wash and
scrub, a sea-water rinse, a 10% HCl rinse, and a methanol rinse. The sediment sampler was
scrubbed with seawater between successive deployments at the same station to remove -
adhering sediments from contact surfaces possibly originating below the sampled layer.

Sample storage containers were cleaned in accordance with the type of analysis to be
performed. All containers were cleaned in a positive pressure "clean" room with filtered air to
prevent airborne contaminants from contacting sample storage containers.

Plastic containers (HDPE or TFE) for grain size or trace metal analysis media (sediment,
archive sediment, pore water, and subsurfaée water) were cleaned by: a tWo-day Micro (brand)
detergent soak, three tap-water rinses, three deionized water rlnses a three-day soak in 10%
HCI or HNO3, three Type 11-Milli-Q (brand)-water rinses, and air dry.

Glass containers for total organic carbon or synthetic organic analysis media (sediment, archive
sediment, pore water, and subsurface water) and additional teflon sheeting cap-liners were
cleaned by: a two-day Micro (brand) detergent soak, three tap-water rinses, three deionized
water rinses, a three-day soak in 10% HCI or HNO3, three Type II-Milli- Q (brand)-water

rinses, air dry, three petroleum ether rinses, and air dry.

2.3 Sediment Sample Collection
All sampling locations (latitude & longitude), whether altered in the field or predetermined,
were verified using a Magellan GPS NAV 5000, and recorded in the field logbook.

The primary method of sediment collection was by use of a 0. 1m2 Young-modified Van Veen
grab aboard a samphng vessel. Modifications included a non-contaminating Kynar coating
~which covered the grab's sample box and jaws. After the filled grab sampler was secured on
the boat gunnel, the sediment sample was mspected carefully. The following acceptability
criteria were met prior to taking sediment samples:

1) Sampler was not over-filled (i.e., the sediment surface was not pressed against the top of

the sampler).

2) Overlying water was present, indicating minimal leakage.

3) Overlying water was not excessively turbid, indicating minimal sample disturbance.

4) Sediment surface was relatively flat, indicating minimal sample disturbance.

5) Desired penetrallon depth was achleved (i.e.,>5cm).
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6) Sample was muddy (>30% fines), not sandy or gravelly.

7) Sample did not include excessive shell, organic or man-made debris.

8) There were no obstructions holding'the jaws open to allow sample to wash out.
If a sample did not meet all the above criteria, it was rejected.

It was critical that sample contamination be avoided during sample collection. All sampling
equipment (i.e., siphon hoses, scoops, containers) was made of non-contaminating material and
was cleaned appropriately before use. Samples were not touched with un-gloved fingers. In
addition, potential airborne contamination (e.g., from engine exhaust, cigarette smoke) was
avoided. Before sub-samples from the-grab sampler were taken, the overlying water was
removed by slightly opening the sémpler, being careful to minimize disturbance or loss of fine-
grainéd surficial sediment. Once the overlying water was removed, the top 5 cm of surficial
sediment was sub-sampled from the grab. Subsamplés were taken using a precleaned flat
bottom Teflon scoop. This device allowed a relatively large sub-sample to be taken from a
consistent depth. When subsampling surficial sediments, unrepresentative material (e.g., large
stones or vegetative material) was removed from the sample in the field. Small rocks and other
small foreign material remained in the sample. Criteria used to determine representativeness of
sample material were determined by the chief scientist. Such removals were noted on the field
data sheet. For the sediment sample, the top 5 cm was removed from the grab and placed in a
pre-labeled polycarbonate container. Between grabs or cores, the sediment sample in the
container was covered with a teflon sheet, and the container covered with a lid and kept cool.
When a sufficient amount of sediment was collected, the sample was covered with a teflon sheet
assuring no air bubbles. A second, larger teflon sheet was placed over the top of the container

to ensure an air tight seal, and nitrogen was vented into the container to purge it of oxygen.

Water depth did not permit boat entrance to the Bolinas Lagoon sampling area, so divers
sampled that site using sediment cores (diver cores). Cores consisted of a four-inch diameter
polycarbonate tube, one-foot in length, including plastic end caps to aid in transport. Divers
entered the study site from one end and sampled in one direction so as not to disturb the
sediment with feet or fins. Cores were taken to a depth of at least 15 cm. Sediment was
extruded out of the top end of the core to the prescribed depth of 5 cm, removed with a
polycarbonate spatula and deposited into a cleaned polycarbonate tub. Additional samples were
taken with the same seawater rinsed core tube until the required volume was attained. Diver
core samples were treated the same as grab samples, with teflon sheets covering the sample and

nitrogen purging. All sample acceptability criteria were met as with the grab sampler.
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2.4 Transport Of Samples .

Forty sample containers (5-liter) were packed with enough ice to keep them cool (4°+ 3°C) for
48 hours. Each container was sealed in two precleaned, large plastic bags closed with a cable
tie to prevent contact with other samples or ice or water. Samples were driven back to the -
laboratory by the sampling crew within 24 hours of collection.

2.5 Homogemzatlon And Allquotmg Of Samples ‘

Samples remained iced until the containers were brought back to the laboratory for
homogenization. All sample identification information (station numbers, etc.) was recorded on
Chain of Custody (COC) and Chain of Record (COR) forms prior to homogenizing and
aliquoting. A single container was placed on plastic sheeting while also remaining in original
plastic bdgs. The sample was stirred with a polycarbonate stirring rod for at least S minutes,
until mud appeared homogeneous.

All prelabeled jars were filled using a clean teflon or polycarbonate scoop and stored in
freezer/refrigerator ( aécording 1o medid/analysis) until analysis. The sediment sample was
aliquoted into appropriate containers for trace metal analysis, organic analysis, pore water |
extraction, and toxicity testing. Samples were placed in boxes sorted by ahalysis type and leg
number. Sample containers for sediment toxicity tests were placed in a réfrigeratOr (4°C) while
sample containers for sediment chemistry (metals, organics, TOC and grain size) were stored
in a freezer (-20°C). '

2.6 Procedures For The Extraction Of Pore Water

Samples were centrifuged for extraction of pore water using a Beckman JB-6 refrigerated
centrifuge. One liter centrifuge bottles were filled with homogenized sediment and balanced to a
uniform weight. Four bottles were centrifuged simultaneously for 30 minutes at 4°C and 2500g
(3150 RPM). Supernatant'porewater was siphoned from the bottles, after centrifugation, and

placed in subsample containers suitable for appropriate subsequent analysis.

2.7 Chain Of Custody And Records ,

Chain-of-custody documents were maintained for each station. Each form was a record of all
sub-samples taken from each sample. TDORG number (a unique identification number for only
that sample). Department of Fish and Game (DFG) station numbers and station names, leg
number (Samp]e collection trip batch number), and date colleéted were included on each sheet.
A chain-of-custody form accompanied every sample so that each person releasing or receiving

a subsample signed and dated the form.
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2.8 Authorization/Instructions To Process Samples

Standardized forms entitled "Authorization/Instructions to Process Samples” accompanied the
receipt of any samples by any participating laboratory. These forms were completed by DFG
personnel, or its authorized designee, and were signed and accepted by both the DFG
authorized staff and the staff accepting the samples on behalf of the particular laboratory. The
forms contain all pertinent information necessary for the laboratory to process the samples, -
such as the exact type and number of tests to run, number of laboratory replicates, dilutions,
exact eligible cost, deliverable products (including hard and soft copy specifications and
formats), filenames for soft copy files, expected date of submission of deliverable products to
DFG, and other information specific to the laboratory and analyses being performed.

3.0 TOXICITY TESTING

3.1 Summary Of Methods

All toxicity tests were conducted at the DFG Marine Pollution Studies Laboratory (MPSL) at
Granite Canyon. Toxicity tests were conducted by personnel from the Institute of Marine
Sciences, University of California, Santa Cruz. Quality assurance criteria for all toxicity tests
are given in Appendix B, Section 2. Water used as dilution water and overlying water in all

toxicity tests was made from filtered (1pm) natural Granite Canyon seawater mixed with

distilled water or spring water to the appropriate salinity.

Nine toxicity test protocols were employed in this stud'y, including 10-day solid-phase tests
with the amphipods Ampelisca and Eohaustorius in homogenized sediment, 10-day solid-phase
tests with Eohaustorius in intact sediment cores, 10-day tests with Eohaustorius in pore water,
10-day solid-phase tests with the Leptostracan crustacean Nebalia, 20-day solid-phase tests
with the polycheate worm Neanthes, 48-hour porewater tests with embryos of the mussel
Mytilus, 72-hour porewater tests with embryos of the sea urchin Strongylocentrotus, and 72-
hour tests with embryos of the sea urchin Strongylocentrotus exposed at the sediment-water |
interface. All tests were conducted at each of the three sampling periods, except for the
Eohaustorius test in intact cores, the Neanthes test, and the Nebalia test, which were each

conducted in two of the three sampling periods. Descriptions of the test methods are given

below.
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32 Handlmg Of Pore Water Samples For Toxicity Testmg

"~ Solid- -phase sediment samples collected in April, 1994, and March/April, 1995 were held for
less than 48 hours prior to extraction of pore water. Due to logistical constraints, samples
collected in September, 1995, were held for time perlods ranging from four to six days prior to
extraction of pore water. After extraction, pore water samples were kept at 4°+ 3°C for no _
longer than 48 hours prior to initiating"t(‘)xicity tests in the first two sampling runs (April, 1994,
and September‘, 1994). However, pOré water samples were held (4°+ 3°C ) for as long as 8
days in March/April, 1995, because flooding and the collapse of the Highway 1 bridge over the
Carmel River limited access to the toxicity testing laboratory at that time. Prior to testing,
sample temperature, pH, salinity, and dissolved oxygen were measured in all samples to verify
that water quality criteria were within the limits defined for test protocol.

Pore water samples with salinities outside specified ranges for each protocol were adjusted to
within the acceptable range. Salinities. were increased by the addition of ‘h'ypersalin'e' brine,
60%o to 80%¢, drawn from partially frozen seawater. Sample. salinities and the amount of
sample dilution necessary to adjList salinity for testing are given in Table 3. Water quality
parameters were measured at the beginning and end of each test. Dissolved oxygen
concentrations and pH were measured using an Orion EA940 expandable ion analyzer.
Salinity was measured with a temperature compensating Reichart refractometer. Sample
temperature was measured with a mercury thermometer. Total ammonia concentrations were
measured using an ammonium ion specific electrode (Orion model 95-12), and sulfide
concentrations were measured on a spectrophotometer using the colorimetric methylene blue
method (Phi.llips et al., 1997, adapted from Fonselius, 1985).

3.3 Handling Of Sediment Samples For Toxicity Testing

Bedded sediment samples were held at 4°C until required for testing. All solid-phase sediment
tests were initiated within 14 days of the sample collection date. All sediment samples were
processed according to procedures described in ASTM (1993). Water quality parameters,

' including ammonia and hydrogen sulfide concentrations, were measured in one replicate test
container from each sample in the overlying water as described above. Ammonia, hydrogen
sulfide and pH were measured in both overlying water (collected within 1 ¢cm of the sediment)
and in interstitial water extracted by centrifugation at the beginning and end of each test.
Samples for ammonia and pH were held in capped containers and measured within one hour of
extraction. Hydrogen sulfide samples were preserved with zinc acetate immediately after

" extraction. Measurements were taken at the beginning and end of all tests, and during

overlying water renewals in the Neanthes tests.
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“Table 3. Sample Pore Water Salinity and Pore Water Concentratlon in Test Solutions. Samples
with salinity beyond the range appropriate for each protocol were adjusted with hypersaline brine
or distilled water. This adjustment diluted the samples, decreasing pore water concentrations in
test solutions to the levels indicated. Protocol salinity range was 32 + 2% for sea urchins, 28 +
2%o for mussels, and 28 £ 3%o for the amphipod Eohaustorius estuarius.

~ % Pore Water in Test Solution after Salinity Adjustment

Sea Urchin Mussel Amphipod
, Test Sample Development Development Survival

Location Station # Date Salinity %o (Tested at 32%0) (Tested at 28%c) (Tested at 28%c*)
Paradise Cove 20005  4/94  26%o 83% 95% 100%
Tubbs Island 20006  4/94 18 68 77 81
Island #1 20007  4/94 18 68 77 81
Audubon Cyn 20008  4/94 31 100 92 89
Marconi Cove 20009  4/94 32 100 88 89
Paradise Cove 20005 9/94 30 93 v 93 100
Tubbs Island 20006  9/94 25 83 93 100
Island #1 20007  9/94 24 - 81 92 100
Marconi Cove 20009  9/94 34 100 82 80
Castro Cove 20010  9/94 27 87 100 100
Islais Creek 20011 9/94 30 93 93 100
Paradise Cove 20005  3/95 18 75 83 83
Tubbs Island 20006  4/95 2 55 61 83*
Island #1 20007  4/95 2 . 56 . 62 85*
Marconi Cove 20009  3/95 28 90 100 100
Treasure Is. 20012 3/95 20 76 86 86 -
Clipper Cove '
North S. Bay 20013  3/95 15 71 79 79

~ South S. Bay 20014  3/95 15 71 79 79

* Amphipod test solution salinity for stations 20006 and 20007 was 15%e.

In cases where sample salinity was beyond 3%. from the test target salinity. overlying water
was prepared at a salinity calculated to produce the target salinity after equilibrium was reached
between overlying water and sample pore water. Sediment was not stirred with overlying
water, but salinity was allowed to equilibrate through flux for 24 hours prior to introduction of

test organisms. Neither ammonia nor hydrogen sulfide was adjusted prior to testing.
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3.4 Tests With The Amphipod Ampelisca abdita

Ampelisca toxicity tests followed the ASTM (1993) standard guide for Ampelisca abdita. All
test animals for March and September, 1994, tests were collected from San Francisco Bay by
John Brezina Associates. All test animals for March, 1995, tests were obtained from East
Coast Amphipod in Kingston, Rhode Island. Animals were shipped via overnight courier in
one gallon polyethylene jars containing collection site sediment. If necessary, upon arrival at
Granite Canyon, the amphipods were acclimated to laboratory conditions by adjusting salinity
and temperature by no more than 10%¢ and 2°C per day to 28%¢ and 15° C. Ampelisca holding
time at MPSL varied. For the March, 1994, test, amphipods were tested the same day they
arrived at the laboratory, so that they would not build tubes from which they would need to be
removed for sorting prior to inoculation. For the September, 1994, test, amphipdds were held
at MPSL for 48 hours prior to inoculation into the test containers. Flooding during the March,
1995, test interrupted vehicle access to the laboratory. Amphipods were received from the
supplier at the residence of one of the investigators, where they were held at 16°C in aerated
four-liter shipping containers with home sediment for 12 hours. The shipping containers were
then carried in backpacks to MPSL, where the amphipods were adjusted to test salinity. The
following day, after 24 hours holding at MPSL, they were inoculated into the test containers.

One day prior to test initiation, each sediment sample was distributed into five replicate one-liter
glass beakers so that each contained 2 cm of sediment. Granite Canyon seawater, diluted with
distilled water or spring water, was-added to fill the container to the 700 ml mark. Overlying

~ water salinity was either 28%¢ or a salinity calculated to reach 28% after equilibration with the
sediment sample. The test sediment and overlying water were allowed to equilibrate for 24 h,
then 20 amphipods were placed into each beaker along with 28% sea water to fill the test
containers to the_.one-liter‘ line. Test chambers were then gently aerated and continuously

illumin_ated.

Five replicates of each sample were tested for 10 days at 28%0 and 15°C. In addition, 5
replicates of a negative control were tested with each set of samples. Sediments used in
negative controls were either fine-grained sediment from the Ampelisca collection site or
medium-fine sand from the Eohaustorius collection site. Amphipod emergence and visible
survival were recorded daily. After 10 days, samples were sieved through a 0.4 mim Nitex
screen to recover the test animals, and the number of survivors was recorded for each replicate.

Mean percent survival per sample was the test endpoint.
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Positive control reference tests were conducted concurrently with each sediment test using
cadmium chloride as a reference toxicant. In these tests, amphipod survival was recorded in
three replicates of four cadmium concentrations after a 96 h water-only exposure. A dilution
water control consisting of one micron filtered Granite Canyon sea water was included in each

reference toxicant test.

3.5 Tests With The Amphipod Eohaustorius estuarius

3.5.1 Homogenized Sediment ;

The Eohaustorius tests followed ASTM (1993) standard guide for Eohaustorius estuarius. All
Eohaustorius were obtained from Northwestern Aquatic Sciences in Yaquina Bay, Oregon.
Animals were séparated into groups of approximately 100 and placed in polyethylene boxes
containing Yaquina Bay collection site sediment, then shipped on ice via overnight courier.
Upon arrival at Granite Canyon, the amphipods were slowly acclimated to labordtory
conditions by adjusting salinity and temperature by no more than 10%¢ and 2°C per day to 28%o
and 15°C, except for April, 1995, tests, which were conducted at 15%c and 15°C. Once '
acclimated, the animals were held for at least 48 h prior to inoculation into the test containers.

One day prior to test initiation, each sediment sample was distributed into five replicate one-liter -
glass beakers so that each contained 2 cm of sediment. Granite Canyon seawater, diluted with
distilled water or spring water, was added to fill the container to the 700 ml mark. The test
sediment and overlying water were allowed to equilibrate for 24 h, then 20 amphipods were
placed into each beaker along with 28%¢ sea water to fill the test containers to the one-liter line.

Test chambers were then gently aerated and continuously illuminated.

Five replicates of each sample were tested for 10 days at 28%c and 15°C. In addition, a
negative control consisting of five replicates of medium-fine sand from the amphipod collection
site was included with each set of samples tested. . Amphipod emergence and visible survival
were recorded daily. After 10 days, samples were sieved through a 0.4 mm Nitex screen to

recover the test animals, and the number of survivors was recorded for each replicate.

3.5.2 Intact Sediment Cores

Fohaustorius tests utilizing intact sediment cores were conducted simultaneously with
homogenized sediment samples. Intact cores were collected from grab sainples by inserting a
7.5 cm diameter polycarbonate core tube to a depth of 10 cm (Figure 5). Core tubes were
capped on both ends and transported to MPSL in coolers at 4°C. One day prior to test
initiation, the space overlying the sediment was filled with 28%¢ water. Test sediment and"
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overlying water were allowed to equilibrate for 24 h, then 20 amphipods were placed in each
core tube. The remainder of the test followed the procedure used with homogenized samples.
Negatlve controls were homogenized home sediment, the same as those used in the tests of
homogenized sediment described above.

3.5.3 Porewater

Eohaustorius pore water tests were also conducted simultaneously with homogenized sambles.
Five amphipods were placed in each of five replicate loosely-covered 250 ml glass crystallizing
dishes containing 50 ml porewater adjusted to 28%e. Addition of hypersaline brine or distilled
water for salinity adjustment diluted pore water to concentrations ranging from 79 to 100%
(Table 3). Test duration was 10 days. Fifty percént of the porewater was renewed every 96
hours. Test containers were held in darkness and were not aerated. Survival was recorded at
renewals and test termination. Granite Canyon seawater adjusted to 28%¢ with distilled water
was distributed into 5 replicate test containers to serve as negative controls. In tests where |
salinity adjustment of pore water samples was necessary, brine controls were included. Brine
controls contained the same proportion of hypersalme brine as was used to adjust the ]owest

~ salinity sample (i.e.. the maximum brine concentration).

Positive control reference tests using cadmium chloride were conducted concurrently with each
Eohaustorius sediment or pore water test. In these tests amphipod survival was recorded in
three replicates of four cadmium concentrations after a 96-h water-only exposure. A dilution
water control consisting of | um-filtered Granite Canyon sea water was included in each test.

3.6 Mussel (M'\"fl'/ll.S“ edulis) Larval De‘v'elopment Tests

The bay mussel (Mytilus edulis) larval development tests were conducted on porewater
samples. Details of the test protocol are given in ASTM (1993). A brief description of the
method follows. '

Mussels were shipped via overnight courier from Carlsbad Aquafarms and held at Granite

- Canyon at amblem temperature (11- 13°C) and sahmty (32-34%c) until testing. A few hours
before test initiation, adult mussels were transferred to 28%c water heated to 23° to 25°C to
induce spawning. Spawning adults were quickly transferred to 15°C water. Sperm and eggs
were mixed in 28%c (15°C) water to give a final sperm to egg ratio of 15to 1. After
approximately 20 minutes, fertilized eggs were rinsed on a 25 um screen to remove excess
sperm, and embryos were distributed to the test containers after approximately 90% of the |

embryos exhibited first cell cleavage (approximately 1 hour).
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Test containers were polyethylene-capped, sea water-leached, 20 ml glass scintillation vials

" containing 10 ml of porewatér (Hunt_et al., 1998). Each test container was inoculated with
approximately 250 embryos (25/ml). Porewater samples were tested at 28 + 2%¢ (15°C) .
Low saliniity samples were adjusted to 28%g using hypersaline brine made from freezing
seawater. High salinity samples were adjusted to 28%o using distilled water. Addition of
hypersaline brine or distilled water for salinity adjustment diluted pore water to concentrations
ranging from 61 to 100% (Table 3). Negative controls consisted of one micron filtered Granite
Canyon sea water adjusted to 28%c. In tests where salinity adjustment of pore water samples
was necessary, b_rine controls were included. Brine controls contained the same proportion of
hypersaline brine as was used to adju'st the lowest salinity sample (i.e., the maximum brine
concentration). A positive control reference test was conducted concurrently with each test

"using a dilution series of cadmium chloride as a reference toxicant.

After a 48 h exposure period, larvae were fixed in 5% buffered formalin. All larvae in each
container were examined under an inverted light microscope at 100x to determine the
proportion of normally developed larvae as described by ASTM (1993). The percentage

normally developed larvae was calculated as:

Observed number of live normal larvae  (x 100%)
Mean number of live embryos inoculated at start of test

3.7 Sea Urchin (Strongylocentrotus purpuratus) Larval Dévelopinent

3.7.1 Porewater

The purple sea urchin (Strongylocentrotus purpuratus) larval development test was conducted
on all porewater s.amples. Details of the test protocol are given in Chapman et al. (1995). Sea
urchins were collected from the Monterey County coast near Granite Canyon and held at
ambient seawater temperature and salinity until testing. Adult sea urchins were held in complete
darkness to preserve gonadal condition. On the day of a test, urchins were induced to spawn in
air by injection with 0.5 ml of 0.5 M KCI. Eggs and sperm collected from the urchins were
mixed in seawater at a 500 to | sperm to egg ratio, and embryos were distributed to the

test containers within one hour of fertilization. Test containers were polyethylene-capped,
seawater-leached, 20 ml glass scintillation vials containing 5 mls of poreWater. Each test
container was inoculated with approximately 150 embryos (30/ml). Tests were conducted at
ambient seawater salinity (32 - 34%c = 2%c). Low salinity samples were adjusted to ambient
salinity using hypersaline brine made from freezing seawater. Addition of hypersaline brine

for salinity adjustment diluted pore water to concentrations ranging from 55 to 100% (Table 3).




Figure 5. Se‘diment-Water Interface Exposure System.
(After Anderson et al., 1996)
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Laboratory controls were included with each set of samples tested. Ncgati\;e controls consisted
of one micron-filtered Granite Canyon sea water. In tests where salinity adjustment of pore
water samples was necessary, brine controls were included. Brine controls contained the same
proportion of hypersaline brine as was used to adjust the lowest salinity sample (i.e. the
maximum brine concentration). A positive control reference test was conducted concurrently

with each porewater test using a dilution series of copper chloride as a reference toxicant.

After an exposure period of 72 to 96 hours, larvae were fixed in 5% buffered formalin.

- Unpublished data has indicated no loss of test sensitivity in 72 h exposures (n = 16 reference
toxicant tests compared at MPSL). One hundred larvae in each container were examined under.
an inverted light microscope at 100x to determine the proportion of normally developed larvae
as described by Chapman et al. (1995). Percent normal development was calculated as:

* Number of normally developed larvae counted (x 100%)
Total number of larvae counted

3.7.2 Sediment/Water Interface

Sea urchin larval development was also assessed at the sediment water interface (Anderson et
al., 1996). This was achieved by introducing embryos into a 37 um screen tube placed 1 cm
abO\}e the sediment surface within an intact sediment core tube (Figure 5). Intact sediment
cores were Samp]ed in the same manner as was used for Eohaustorius amphipods tested in
intact cores, described above. One day prior to test initiation, seawater at ambient salinity (33
+ 1%c) was added to fill the core tubes, and then screen tubes were added to the cores and the
system was allowed to-equilibrate for 24 hours. Urchin embryos were prepared as described
above for pore water tests and added to the screen tubes. Each screen tube was inoculated with
approximately 250 embryos. Laboratory controls consisted of Yaquina Bay, Oregon.
amphipod home sediment obtained from Northwestern Aquatic Sciences.

After an exposure period of 72 to 96 hours, screen tubes were removed from the sediment
cores, rinsed, and larvae were removed using a squirt bottle. Larvae were washed into 20 ml
scintillation vials and fixed in 5% buffered formalin. One hundred larvae in each container
were examined under an inverted light microscope at 100x to determine the proportion of
normally ‘developed larvae as described by Chapman et al. (1995). Percent normal

development was calculated as:

Number of normally developed larvae counted (x 100%)
Total number of larvae counted
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3.8 Tests With The Polycheate Neanthes arenaceodentata . |

The Neanthes test followed procedures described by the Puget Sound Estuary Program (PSEP,
1991).‘ Emérgent juvenile Neanthes arenaceodentata (2-3 week-0ld) were obtained from Dr.‘
Don Reish of California State Universiiy at Long Beach, California. Worms were shipped in
seawater in plastic bags at ambient temperature via overnight courier. Upon arrival at MPSL,
worms were allowed to acclimate gradually to 28%o0 with 2%c daily incremental salinity
adjustments at a temperature of 20° C. Once acclimated, the worms were mamtamed for at least
48 hours, and no longer than 10 days before the start of a test.

The test design was similar to that described for the amphipods. One day prior to test
initiation, each sediment sample was distributed into five replicate one-liter glass beakers so
that each contained 2 cm of sediment. Granite Canyon seawater, diluted to 28%. with distilled
water or spring water, was added to fill the container to the 700 ml mark. The test sediment
and overlyihg water were allowed to equilibrate for 24 h, then five worms. were placed into
each beaker along with 28%c sea water to fill the test containers to the one-liter line. Test
chambers were then gently aerated and continuously illuminated during the 20-day test period.
Worms were fed TetraMin® every 2 days, and overlying water was renewed every 3 days.

After 20 days, samples were sieved through a 0.5 mm Nitex screen, and the number of
surviving worms was recorded. Surviving worms from each replicate were wrapped in a plece
of pre- wexghed aluminum foil, and placed in a drying oven (60°C) until they reached constant
weight (48 h). Each foil packet was then cooled in a desiccator and weighed to the nearest
0.1mg. Worm survival and mean weight/worm for each replicate was calculated as follows:

Percent worm survival = Number of surviving worms (x 100%)
Initial number of worms

Mean weight/worm = Total weight - foil weight  (x 100%)
- Initial number of worms

Positive control reference tests using cadmium chloride were conducted concurrently with each
sediment test. In these tests, worm survival was recorded in three replicates of four cadmium
concentrations after a 96-h water-only exposure. A dilution water control consisting of | pm-

filtered Granite Canyon sea water was included in each test.
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3.9 Tests With The Leptostracan Crustacean Nebalia pugettensis

This test has not been previously evaluated, but this organism was employed because of its
potential tolerance to high levels of ammoniahand'hydrogen sulfide (unpublished data). Tests
utilizing Nebalia pugettensis followed the ASTM (1993).standard guide for the marine
amphipod Rhepoxynius abronius. Test organisms wérebb;ained from the tidal mud flats in
Elkhorn Slough near Moss Landing, California. Animals were held at ambient water
temperature and salinity at the Moss Landing Marine Laboratories until test initiation. Sediment
sample preparafion, test initiation, and test termination were as previously described for the
amphipods, except that emergence data were not collected, since the animals tend to hover at
the sediment/water interface in their natural habitat. Nebalia tests were conducted at 15°C in -
28%¢ water. Sediment controls consisted of the Moss Landing beach sand that was used as a

culture medium for the organisms.

Positive control reference tests were conducted concurrently with each sediment test using
cadmium chloride as a reference toxicant. .In these tests, survival was recorded in three
replicates of four cadmium concentrations after a 96 h water-only exposure. A dilution water

control consisting of one micron filtered Granite Canyon sea water was included in each test.

3.10 Toxicity Identification Evaluations (TIEs) _

Toxicity identification evaluations (TIEs) were conducted using sea urchin larvae as the
detector species on samples from four sites: Marconi Cove (Tomales Bay), Islais Creek, China
Baéin, and Guadalupe Slough. Methods for TIEs are presented in a separate report (Hansen
and Associates, 1996). |

4.0 TRACE METALS ANALYSIS OF SEDIMENTS

4.1 Summary Of Methods
Trace Metals analyses were conducted at the California Department of Fish and Game's Trace

Metal Analytical Facility at Moss Landing, CA. Table 4 indicates the trace metals analyzed and

lists method detection limits for.sediments.
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4.2 Analytes And Detection Limits
Table 4 - Trace Metal Detection Limits inQ Sedime‘n‘ts.

Trace Element Detection Limit
(ug/g. dry weight)

Aluminum
Antimony
Arsenic
Cadmium
Chromium
Copper
Iron

Lead
Manganese
Mercury
Nickel
Selenium
Silver

Tin
Tributyltin
Zinc

—
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4.3 Sediment Digestion Procedures

“A one gram aliquot of sediment was placed in a pre-weighed Teflon vessel, and one ml of a
concentrated 4:1 nitric:perchloﬁc acid mixture was added. Vessels were capped and heated in a
vented oven at 130° C for four hours. Three ml of hydrofluoric acid were added to the vessel,
recapped and returned to the oven overnight. Twenty ml of 2.5% boric acid were added to the
vessel and placed in the oven for an additional 8 hours. Weights of the Tcﬂon vessel and
solution were recorded, and the solution was poured into 30 ml polyethylene bottles.

4.4 Atomic Absorption Spectrometry Methods

Samples were analyzed by furnace AA on a Perkin-Elmer Zeeman 3030 Atomic Absorption
Spectrophotometer, with an AS60 auto sampler, or a flame AA Perkin Elmier Model 2280.
Samples. blanks, matrix modifiers, and standards were prepared using.ciez‘m techniques inside
a clean laboratory with positive pressure air filtration. ASTM Type II water and ultra clean
chemicals were used for all standard preparations. All elements were analyzed with platforms
for stébilization, of temperatures. Matrix modifiers were used when components of the matrix
interfered with adsorption. The matrix modifier was used for Sn, Sb émd Pb. Continuing
calibration check standards (CLO) were analyzed with each furnace sheet, and calibration
curves were run with three concentrations after every 10 samples. Blanks and standard
reference materials, MESS 1, PACS, BCSS1 or 1646 were analyzed with each set of samples

for sediments.
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5.0 TRACE ORGANIC ANALYSIS OF SEDIMENTS (PCBs, PESTICIDES, AND PAHs)

5.1 Summary Of Methods
Analytical sets of 12 samples were scheduled such that extraction and analysis would occur

within a 40 day window. The methods employed by the UC Santa Cruz Trace Organics
Analytical Facility were modifications of those described by Sloan et al. (1993). Tables S, 6
and 7 indicate the pesticides, PCBs, and PAHs analyzed and list method detection limits for

sediments on a dry weight basis.

5.2 Analytes And Detection Limits

Table 5. Organochlorine Pesticides Ana.lyzed and Their Detection Limits (ng/g dry weight)
in Sediment.

Compound Detection Limit
Aldrin
cis-Chlordane
trans-Chlordane
alpha-Chlordene
gamma-Chlordene
Chlorpyrifos
Dacthal

o,p'-DDD
p.p-DDD

coocoo
W
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p.p'-Dichlorobenzophenone
Dieldrin
Endosulfan 1
Endosulfan 11

- Endosulfan sulfate
Endrin
Ethion
alpha-HCH
beta-HCH
gamma-HCH
delta-HCH
Heptachlor
Heptachlor Epoxide
Hexachlorobenzene
Methoxychlor
Mirex
cis-Nonachlor
trans-Nonachlor
Oxadiazon
Oxychlordane
Toxaphene

OO — 00000 —ONNN—00W=-—NW——0—0—
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in Sediment.

NIST I___lst of PCB Congener

PCB Congener 8

- PCB Congener 18
PCB Congener 28
PCB Congener 44
PCB Congener 52
PCB Congener 66
PCB Congerier 87
PCB Congener 101
PCB Congener 105 -

Table 6 Pentachlorobiphenyls ( PCB) Congeners Analyzed and Their. Detection Limits*

PCB Congener 128

PCB Congener 138
PCB Congener 153
PCB Congener 170
PCB Congener 180

~ PCB Congener 187

PCB Congener 195

PCB Congener 206

PCB Congener 209

PCB Congener 118

Additional Congeners:
PCB Congener 5

PCB Congener 15
PCB Congener 27
PCB Congener 29
PCB Congener 31
PCB Congener 49
PCB Congener 70
PCB Congener 74
PCB Congener 95
PCB Congener 97
PCB Congener 99
PCB Congener 110
PCB Congener 132

PCB Congener 137
PCB Congener 149
PCB Congener 151
PCB Congener 156
PCB Congener 157
PCB Congener 158
PCB Congener 174
PCB Congener 177
PCB Congener 183
PCB Congener 189
.PCB Congener 194
PCB Congener 201
PCB Congener 203

*All individual PCB Congener detection limits were 1 ng/g dry weight.

Aroclors: | Detection Lim‘it‘
Aroclor 5460 : _ 50

Table 7. Polycyclic Aromatic Hydrocarbons (PAH) Analyzed and Detection
Limits in Sediment.

Detection Limit

Compound
(ng/g dry weight)

Naphthalene

- 2-Methylnaphthalene
I-Methylnaphthalene
Biphenyl
2,6-Dimethylnaphthalene
Acenaphthylene
Acenaphthene
2,3,5-Trimethylnaphthalene
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Table 7 (Continued). Polycyclic Aromatic Hydrocarbons (PAH) Analyzed
~ and Detection Limits in Sediment :

Compound Detection Limit
: (ng/g dry weight)

Fluorene
Phenanthrene
Anthracene
1-Methylphénanthrene
Fluoranthrene

Pyrene
Benz[a]anthracene
Chrysene '
Benzo[b]fluoranthrene
Benzo[k]fluoranthrene -
Benzo[e]pyrene
Benzo[a]pyrene
Perylene
Indo[1,2,3-cd]pyrene
Dibenz[a,h]anthracene
Benzo[ghi]perylene

DN h L h h it bh b v b Lh La L

5.3 Extraction And Analysis _

Samples were removed from the freezer and allowed to thaw. A 10 gram sample of sediment
was removed for chemical analysis and an independent 10 gram aliquot was removed for dry
weight determinations. The dry weight sample was placed into a pre-weighed aluminum pan
and dried at 110°C for 24 hours. The dried sample was reweighed to determine the sample's
percent moisture. The analytical sample was extracted 3 times with methylene chloride in a A
250-mL amber Boston round bottle on a modified rock tumbler. Prior to rolling, sodium
sulfate, copper, and extraction surrogates were added to the bottle. Sodium sulfate dehydrates
the sample allowing for efficient sediment extraction. Copper, which was activated with

hydrochloric acid, complexes free sulfur in the sediment.

After combining the three extraction aliquots, the extract was divided into two portions, one for
chlorinated hydrocarbon (CH) analysis and the other for polycyclic aromatic hydrocarbon

(PAH) analysis.

The CH portion was eluted through a silica/alumina column, separating the analytes into two
fractiqns. Fraction 1 (F1) was eluted with 1% methylene chloride in pentane and contains >
90% of p,p-DDE and < 10% of p,p-DDT. Fraction 2 (F2) analytes were eluted with 100%

methylene chloride. The two fractions were exchanged into hexane and concentrated to 500 pL
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using a combination of rotary evaporation, controlled boiling on tube heaters, and dry nitrogen
blow downs. '

F1 and F2 fractions were analyzed on Hewlett-Packard 5890 Series gas chromatographs
utilizing capillary columns and electron capture detection (GC/ECD). A single 2 pl splitless
injection was directed onto two 60m x 0.25mm i.d. columns of different polarity (DB-17 &
DB-5; J&W Scientific) using a glass Y-splitter to provide a two dimensional confirmation of
each analyte. The lowest obtained values are reported. Analytes were quantified using internal
standard methodologies. The extract's PAH portion was eluted through a'silica/alumina
column with methylene chloride. The collected PAH fraction was exchanged into hexane and ‘

concentrated to 250 pL in the same manner as the CH fractions.

6.0 TOTAL ORGANIC CARBON (TOC) ANALYSIS OF SEDIMENTS

6.1 Summary Of Methods | |

This procedure uses an-elemental analyzer to determine the amount of total organic carbon in
sediments. Samples were placed in vials and treated with IN HCL to decompose all carbonate.
Treated samples were centrifuged for 15 minutes and supernatant decanted. Vials containing
samples were filled with deionized water, vortexed, centrifuged, and pH' checked until pH was
between 6 and 7. Samples were dried at less than 55°C until éomplete]y dry (approximately 3
days). Dried sediments were homogenized in a ball mill, and weighed into aluminum sleeves
(1-5 mg) to the nearest | pg. Sediments were analyzed for total organic carbon by use of a
‘Control Equipment Corp. Model 440-XA Elemental Analyzer. .

6.2 Sample Prepardlion

Samples were homogenized thoroughly by stirring with a clean stainless steel spatula.
Approximately 10 ml of subsamples to be analyzed were placed in sterile 20 ml polyethylene
scintillation vials. The subsample was as representative as possible. Spatulas used to stir and
transfer sediment to vials were washed with deionized water and wiped dry with Kimwipes
between samples. Approximately 8 ml IN HCL were added and mixed with the sample.
Samples were vortexed and centrifuged at 2850 rpm for 20 minutes. The pH of the sample
was checked and the supernatant was decanted. The siimp]e was washed;repeatedly with
deionized water and centrifuged until pH was between 6 and 7. Samples were dried in a
drying oven at 55° C or less until combletely dry (about three days). Two clean 1/4 inch
stainless steel ball bearings were placed into vials containing the samples, and samples were
homogenized in a ball mill for about 15 minutes until they were of even particle size. One to

five mg of treated sediments were weighed into aluminum sleeves to the nearest 1 pg. Then,
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sleeves were crimped. with forceps and placed in nickel sleeves in the combustion wheel of the

elemental analyzer.

6.3 TOC Analysis
TOC was determined throu gh the standard operating procedure of the Model 240-X A elemental

analyzer. Built-in software in the computer interfaced to the analyzer was used to compute

carbon content of the samples.

7.0 GRAIN SIZE ANALYSIS OF SEDIMENTS

7.1 Summary Of Methods
These procedures used sieve, hydrometer, and microscopic techniques to determine particle

size of sediment samples.

7.2 Sample Splitting And Preparation

Samples were thawed and thoroughly homogenized by stirring with a spatula. Spatulas were
rinsed of all adhering sediment between samples. Size of the subsample for analysis was
determined by the sand/silt ratio of the sample. During splitting, the sand/silt ratio was
estimated and an appropriate sample weight was calculated. Subsamples to be analyzed were
placed in clean, pre-weighed beakers. Debris was removed and any adhering sediment was

washed into the beaker.

7.3 Wet Sieve Analysis (Separation Of Coarse And Fine Fraction)

Beakers were placed in a drying oven and sediments were dried at less than 55°C until
completely dry (approximately three days). Beakers were removed from the drying oven and
allowed to equilibrate to room temperature for a least a half-hour. Each beaker and its contents
were weighed to the nearest 0.01 g. This weight minus the empty beaker weight was the total
sample weight. Sediments in beakers were disaggregated using 100 ml of a dispersant solution
in water (such as 50 g Calgon/L water) and the sample was stirred until completely mixed and
all lumps disappeared. The amount and concentration of dispersant used was recorded on the
data sheet for each sample. Sample beakers were placed in an ultrasonic cleaner for 15 minutes
for disaggregation. Sediment dispersant slurry was poured into a 63 yum (ASTM #230, 4 phi)
stainless steel or brass sieve in a large glass funnel suspended over a 1L hydrometer cylinder
by a ring stand. and all fine sediments were washed through the sieve with water. Fine
sediments were captured in a 1L hydrometer cylinder. Coarse sediments remaining in sieve

were collected and returned to the original sample beaker for quantification.
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7.4 Dry Sieve Analysis (Coarse Fraction) _

The coarse fraction was placed into a preweighed beaker, dried at 55° to 65°C, allowed to
acclimate, and then wéighed t0 0.01 g. This weight, minus the empty beaker weight, was the
coarse fraction weight. The coar,se' fraction was poured into the top sieve of a stack of ASTM
sieves having the following sizes: No. 10 (2.0 mm), 18 (1.0 mm), 45 (0.354 mm), 60 (0.25.
mm), 80 (0.177 mm), 120 (0.125 mm), and 170 (0.088 mm). The stack was placed on a
mechanical shaker and shaken at medium intensity for 15 minutes. After}jshaking, each sieve
was inverted onto a large piece of papér and tapped 5 times to free stuck particles. The sieve
fractions were added cumulatively to a pretared weighing dish, and the cumulative weight after
. each addition deternﬁned to 0.01g. The sample was returned to its original beaker, and saved

" until sample computations were completed and checked for errors.

7.5 Hydrometer Analysis (Fine Fraction)

Hydrometers used for the analysis were precalibrated using the techniques of Lewis (1984). A
reference cylindef was filled with water and 100 m! of dispersant solution. Prior to the
analysis, a hydrometei' réading was taken for Cc, the composite correction for temperature,

dispersing agent, and the meniscus.

For each of the sample cylinders, the volume was raised to 1000 ml using tap water. The
hydrometer number was recorded, the ?temperature was noted, and the sample added and stirred

for 1 minute.

Hydrometer readings were taken at | minute, 3 minutes, 10 minutes, 30 minutes, 90 minutes,
4.5 hours and 24 hours. If the water temperature had changed by greater than 2°C then
hydrometer corrections were remeasured. The colloidal weight was determined by subtracting

the other fractions from the total weight.

7.6 Analytical Procedures

Fractional weights and percentagés for various particle size fractions were calculated. If only
wet sieve analysis was used, weight of fine fraction was computéd by subtracting coarse
fraction from total sample weight, and ‘percent fine composition Was cal_cuiated using fine
fraction and total sample weights. If dry sieve and hydrometer analysis was employed as well,
fractional weights and percentages for sieve and hydrometer fractions were calculated using
custom software on a Macintosh computer. Calibration factors for each hydrometer were pre-

stored in the computer.
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7.7 Microscopic Descriptive Analysis Of Particle Configurations

Two small (~ 1 ml) subsamples of sediments from undisturbed cores were prepared by
saturation with alcohol and genﬂe disaggregation and examined under a dissecting scope at 25 -
40 magnification. Notable features were then assigned one of the following abundance
categories (in increasing order of abundance): absent, Very rare, rare, common, abundant,
very abundant. Samples were sorted on the following categories: fecal pellets (~ 0.1, 0.2,
0.3, >0.4 mm), diatoms (chains and centric), plant material, worm tubes, shell fragments,
foraminiferans. These observations were tabulated to assist in the interpretation of possible

sediment grain size effects on infaunal organisms in the toxicity tests.

8.0 ANALYSIS OF BENTHIC COMMUNITIES

8.1 SUMMARY OF METHODS

Investigators from the San Francisco Estuary Institute (SFEI), the Department of Water
Resources, and the City and County of San Francisco participated in a cooperative study in
which sediment samples from three candidate reference sites were analyzed to determine
benthic community structure (SFEI, 1997). Paradise Cove and the two San Pablo Bay sites
were samples over a three year period using a 0.05 m2 Ponar Grab. Sediments from the grab
samples were sieved through a 0.5 mm screen to remove benthic macrofauna, which were
preserved and identified to the lowest practical taxon. Classification analysis (Smith et al.,
1988) was used to determine how species composition and abundance from candidate reference
sites compared with those of 124 other samples collected from around the Bay/Delta. Analyses
based on numbers of species and individuals at each station (rather than formal diversity
indices) are described in greater detail by SFEI (1997). Additional analyses were conducted
based on identifying species and higher taxonomic groups characteristic of impacted and non-

impacted sediments. These anayses are described further in SFEI (1997).

9.0 QUALITY ASSURANCE/QUALITY CONTROL '

9.1 Summary '

Summaries of quality assurance and quality control procedures were described under separate
~ cover in the Bay Protection and Toxic Cleanup Program Quality Assurance Project Plan
(Stephenson et al., 1994). That document described procedures within the program which
were in place to ensure data quality and integrity. In addition, individual laboratories prepared
quality assurance evaluations of each discrete set of samples analyzed and authorized by task
order. These documents were submitted to the California Department of Fish and Game for
review, then forwarded to the State Water Resources Control Board. Data quality is described

in the Results section of this report.




100 STATISTICAL ANALYSIS

10.1 Summary Of Methods

~ Analyses were performed to determine the statistical significance of relationships between
sediment toxicity test results, contaminant concentrations, and various natural factors at
‘reference sites. Descriptive statistics and graphics we‘re used to present toxicity data from
reference and test sites to assist in the evaluation of test performance and reference site
selection. Toxicity data from reference sites were also used to calculate tolerance limits to be
used as a relative standard against which to compare ‘toxicity data from test sites.

10.2 Determining Significant Relationships

Spearman rank correlations were used to evaluate the statistical significance of associations
between sediment toxicity test results, contaminant concentrations, and various natural factors
at reference sites. Toxicity data were analyzed in relation to synoptic measurements of
sediment grain size, TOC, trace metal and trace organic contaminant concentrations, and in
relation to ammonia and hydrogen sulfide measured during the toxicity tests, as described in

Sections 2.1 and 2.2.

10.3 Descriptive Statistics

10.3.1 Chemical Data

The degree of chemical contamination at each site was characterized by averaging ERM and
PEL quotients. ERM (Effects Range Median) and PEL (Probable Effects Level) values have
been derived for 32 chemicals or chemical classes by examining a large number of previous
studies to determine associations between chemical concentrations and adverse biological
effects (Table 8). The derivation and application of ERM and PEL values have been previously
described (Long et al., 1995, 1998; McDonald, 1994).. These studies have indicated that
adverse biological effects are probable when chemical concentrdtions in test sediments are
higher than the ERM or PEL values. Concentrations of these chemicals measured-in samples
from the present study were divided by their respective ERM or PEL values to derive ERM or
PEL quotients for each chemical. ERM and PEL quotients for all available chemicals were then

averaged to give a relative measure of overall pollution at each site.

|

1
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SUBSTANCE

Table 8. Sediment Chemistry Guideiines‘ ;
Developed by NOAA and the State of Florida

State of Florida (1)

NOAA (2)

_Organics (ug/kg- dry weight)

Total PCBs.

PAHs
Acenaphthene
Acenaphthylene
Anthracene
Fluorene
2-methylnaphthalene
Naphthalene
Phenanthrene

Total LMW-PAHSs

Benz(a)anthracene
Benzo(a)pyrene

~ Chrysene
Dibenz(a,h)anthracene
Fluoranthene

Pyrene

Total HMW-PAHs

Total PAHSs 4

Pesticides
p.p'-DDE
p,p'-DDT
Total DDT
Lindane
Chlordane
Dieldrin
Endrin

Metals (mg/kg- dry weight)

il

Arsenic
Antimony
Cadmium
Chromium
Copper
Lead
Mercury
Nickel

. Silver
Zinc

(1) D.D. MacDonald, 1994

(2) Long et al., 1985

TEL PEL ERL ERM
21.550 188.79 22.70 180.0
6.710 88.80 16.00 500.0
5.870 127.89 44.00 640.0
46.850 245.00 85.30 1100.0
21.170 144.35 19.00 540.0
20.210 201.28 70.00 670.0
34,570 390.64 160.00 2100.0
86.680 543.53 240.00 1500.0
311.700 1442.00 552.00 3160.0
74.830 69253 261.00 1600.0
88.810 763.22 430.00 1600.0
107.710 845.98 384.00 2800.0
6.220 13461 63.40 260.0
112.820 1493.54 600.00 5100.0
152.660 1397.60 665.00 2600.0
655.340 6676.14 1700.00 . 9600.0
1684.060 16770.54 4022.00 44792.0
2.070 374.17 2.20 27.0
1.190 477
3.890 51.70 1.58 46.1
0.320 .99 . o
2.260 479 0.50 6.0
0.715 . .4.30 0.02 8.0
- 0.02 45.0
7.240 41.60 8.20 70.0
2.00 2.5
0.676 421 1.20 96
52.300 160.40 81.00 370.0
18.700 108.20 34.00 270.0
30.240 112.18 '46.70 218.0
0.130 0.70 0.15 0.7
15.900 42.80 20.90 516
0.733 1.77 1.00 37
271.00 150.00 4100

124.000



-Figure 6. Schematic illustration of the reference envelope method for calculating

tolerance limits. The tolerance limit in this illustration is the point at which there is

- 95% certainty that lower values are as low or lower than the 10th percentlle of the
reference site distribution of toxicity test results.

Reference EnvelOpe' Approach
Distribution of Reference Site Data
Distribution of Estimates of the

Lowest 10th Percentile of the
Reference Distribution (p = 10)

Tolerance Limit \Y

Alpha (.05) N

]
I 1 , |

Survival
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10.3.2 Toxicity Data .

Toxicity data were analyzed by station and by site. Station means were derived from laboratory
replicates of each individual sample. There were three stations (= field replicates) sampled at
each site. Site means were derived from the three station means at each site. Individual station
and site mean values were calculated for each sampling event (Tables 1 and 2).

To allow equitable comparisons of toxicity data among sampling events, all mean toxicity
values were normalized to the negative laboratory control values for each series of tests.
Samples that were salinity-adjusted were normalized to brine controls. To normalize sample
mean toxicity values, they were simply divided by the mean value from the eorrespondihg
laboratory control and presented as a percentage of the control. These normalized toxicity data
were used in all subsequent analyses. |

10.4 Toxicity Comparisons Using the Reference Envelope Approach

10.4.1 The Basic Tolerance Limit Concept for Toxtczty ‘Data

One of the primary objectives of the Bay Protection and Toxic Cleanup Program (BPTCP) is
the identification of specific areas of water and sediment quality concern, where adverse
biological impacts are observed in areas with locally elevated concentrations of pollutants.
Identification of problem sites is an essential step in prioritizing efforts to improve sediment
and water quallty throu0h regulation and cleanup programs. The BPTCP efforts are focused on
localized areas that are significantly more toxic than the larger surrounding area of the water
body. In this study, we have employed a "reference envelope" statistical approach (Smith, -

1995) to make such a distinction in San Francisco Bay.

The reference envelope approach uses data from "reference sites" to characterize the resporrse
expected from sites in the absence of severe localized pollution. Using data from the reference
site population, a tolerance limit is calculated for comparison with data from test sites. Samples
with toxicity values greater than the tolerance limit are considered toxic relative to the optimal
ambient condition of the Bay. '

The tolerance limits were calculated using station data (from individual field replicates at a site)
rather than site data (means of field replicate stations from within a site), because it was
anticipated that the tolerance limits would be used for comparison with individual samples

(rather than field replicate means) from test sites.



Tolerance limits were calculated using reference site data collected during this study, and
additional tolerance limits were calculated using an expanded data set. This expanded data set
included data from this study, plus data from the same reference sites sampled during BPTCP
screening surveys of San Francisco Bay, plus data from additional sites sampled for the SF
Bay Regional Monitoring Program (RMP) that could potentially be used as reference sites.
The BPTCP screening studies produced 11 additional data points for Eohaustorius tests in
homogenized sediment, eight additional data points for sea urchin larvae tested in pore water,

~and four additional data points for sea u;chin larvae tested at the sediment-water interface. The
additional RMP sites were Pinole Point (RMP site BD30) in San Pablo Bay, Horseshoe Bay
(RMP site BC21) in Central San Francisco Bay, and San Bruno Shoal (RMP site BB15) in
South San Francisco Bay. The location and description of these sites is given by SFEI (1997).
These RMP sites produced three, seven and six additional data points, respectively, for

FEohaustorius tests in homogenized sediment

This relative standard established using reference sites is conceptually different from what
might be termed the absolute standard of test organism response in laboratory controls. Rather
_ than comparing sample data to control data'using t-tests, with laboratory replication used to
_characterize the variance component (e.g., Schimmel et al., 1994), the reference envelope
approach compares sample data against a percentile of the reference population of data values,
using variation among reference sites as the variance component. The reference envelope
variance component, therefore, includes variation among laboratory replicates, among field

replicates, among sites, and among sampling events.

The reference stations are assumed to be a random sample from an underlying population of
reference locations that serve as a standard for what we consider non-impacted conditions. The
toxicity measured at different reference locations will vary due to the different local conditions
that can affect the toxicity results. In order to determine whether sediments from a test location
are toxic, we compare the bioassay results for the test location with the bioassay results from

the population of reference locations.

If we assume that the toxicity results from the population of reference locations are normally
distributed, then we can estimate the probability that the test sediment is from the underlying
reference station distribution. For example, if the result for a test sediment was at the tenth
percentile of the under]ying reference location distribution (in the direction of toxicity), then we
would know that there was about a 10% chance that the test sediment was from the distribution

of reference locations.
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However, we do not know the exact toxicity level at the tenth percentile of the reference
distribution because we only have limited samples from the underlying distribution. We can
only estimate where the tenth percentile lies. If we were to estimate the value of the.ténth
percentile a large number of times using different random samples from the reference
distribution, we would obtain a (non-central t) disfribution of estimates, with the distribution
mode at the actual tenth percentile (Figure 6). In Figure 6, it can be seen from the distribution
of estimates that about one half of the time the estimate from the sﬁmple will be above the actual
tenth percentile. Ideally, we would like to identify an estimated toxicity value that would cover
the actual tenth percentile for a large percentage of the estimates (say 95% of the time). We can
obtain such a value from the left tail of the distribution of estimates where 5% of the estimates
are léss than the chosen value. We define "p" as the percentile of interest, and alpha as the
acceptable error probability associated with an estimate of the pth percentile. Thus, in our

example, p=10 and alpha = 0.05.

10.4.1.1 Calculation of a'Tolerance Limit using Naive Variance

The following tolerance limit calculation is valid for studies in which there is a single source of
variance, and the calculation utilizes a variance term refered to as the "naive variance." We can
compute the toxicity level that will cover the pth percentile 1 minus alpha proportion of the time
as the lower bound (L) of a tolerance interval (Vardeman, 1992) as follows:

L=Xr'[.g0L,p,n*Sr] (n

where Xy is the mean toxicity result from the sample of reference statio’ns:,“S,- is the standard
deviation of the toxicity results among the reference stations, and n is the number of reference
stations. The g values can be obtained from tables in Hahn and Meeker (1991) or Gilbert
(1987). "S" contains the within- and between-location variability expected among reference
locations. If the reference stations are sampled at different times, then S will also.incorporate

between-time variability.

We call L the "edge of the reference envelope" because it represents a cutoff toxicity level we
will use to distinguish toxic from non-toxic sediments (Figure 6). The value used for p, and the
resulting tolerance limit L, will depend on the level of certainty needed for a particular
regulatory situation. In this study we choose multiple p values for evaluation of the method.
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10.4.2 Computation of Parametric Tolerance Limits with Multiple Souirces of Variance

The tolerance limit calculations described in Section 10.4.1.1 above are valid for studies in
which there is a single source of variance. For the present s'tudy, and for most sediment
monitoring study designs, there are four pertinent sources of random variance affecting a single
measurement: variance due to time (sampling event), space (station), time by space interaction,
and error (within time-space replicate variance). In terms of an ANOVA model, time and
station are considered crossed main factors, and are treated as random factors since we wish to
generalize the results to the larger population of all possible sampling events and stations in
reference locations of the Bay. Presently, there are no methods available in the statistical
literature for computing tolerance limits with such a model. This is probably due to the fact the
distributional theory on the variance components for a crossed random model is lacking (Searle
et al., 1992). Davis (1994) discusses using tolerance limits with a similar statistical model, but

provides no guidance on how the method can be applied to actual data.

In such situations where computational formulae are not available for an inferential approach,
bootstrap simulation methodology can be apf)lied (Efron and Tibshirani, 1993). To compute
the tolerance limits for the present study, we applied a parametric bootstrap method that
simulates the sampling process, starting with population mean and variance components
estimated from the study data. Using bootstrapping techniques, we generated values for Kp a.
which is the bootstrap analog to the g statistic in formula (1) in the previous section. This
value is then inserted into the previous formula to generate tolerance limits for applications

where multiple sources of variance affect each measurement:
L=X,-[Kpo * Sr.] (2)

where, as before, X is the mean toxicity result from the sample of reference stations, Sy is the
standard deviation of the toxicity results among the reference stations, and Kp ¢ is obtained by

using bootstrapping techniques described below.
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10.4.2.1 Bootstrapping Procedurés For Deriving K, , Values

The methdd described below for computing K, , requires the estimations of the population

variance components and the mean. The method used for variance cdmponent estimation was the
Henderson Method I estimators for a 2-way crossed random model (Searle et al., 1992, p. 434).
This model is appropriate for unbalanced designs and can be rapidly computed (as is required for
~ the proposed intense simulation approach). For the present application, ifafiance components
were estimated for survey and station (main factors), survey by station interaction, .and error.

The population mean was estimated as the arithmetic average of all the data values. In all
ca‘lc'ulations, surveys within two months of each'other were considered the same survey. This

procedure reduced the number of empty cells in the analysis.

A parametric bootstrab method (Efron and Tibshirani, 1993) was used to Corhpute the K, , values

in formula (2). Thé algorithms used to compute K., are described in Figures 7 and 8. The

symbols used in the Figures 7 and § are defined in the accompanying légend.

Given initial estimates of the population mean and variance components, Algorithm A (Figuré 7

could be used to estimate a value for K pa, - This algorithm is similar in concept to the algorithm
used by Davies and Gather (1993) to compute a constant (suchas K, ) for a robust outlier

detection technique that is in principle very similar to a tolerance inteNal. In general, algorithm A
first computes a target P" quantile value from the initial meanjand variance component estimates.
the that the population standard deviation (SD) is the square root of sufn of the individual
variance components (Davis, ]994). Next, again using the initial means and variance component
estimates, multiple sets of simulated data are produced (details of the data simulation process are
given in the next section). For eac‘h'setlof simulated data, a population mean and standard deviation
are estimated (#, and &,). Finally, given the multiple sets of simulated means and standard
deviations, a K value is found such that the resulting bounds cover the target quantile value for a 1-

a,, proportion of the simulations.

If the original survey data are used to estimate the initial means and variance components for

algorithm A. simulations show that the resulting K will tend to produce coverage of the P" quantile
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of the parent population at a rate Jower than the desired 1-a (or the rate of ﬁon-coverage will be
 greater than o). Bootstrap calibration (Efron and Tibshirani, 1993) can be used to provide an
adjustment for producing a coverage closer to the desired level. Here bootstrap calibration involves
bootstrapping bootstrapped results to estimate thé actual coverage associated with a particular

d‘, value. If the coverages for a series of a,, values is computed, then thé K value for the a, where

the actual coverage is approximately equal to J-0, can be used instead of the K value for a.

Legend. Definitions of symbols used .in‘Figures 7 and 8.

»

Symbol Deﬁnition‘

P P value used for K, in all algorithms

(P> 0.5 in simulations - note: K, , = K,_,, )

N a value used for X, , in algorithms a and b, respectively
f Number of random factors in statistical model
s Simulation counter used within each algorithm
Sa. Sy Number of simulations in simulation loop for algorithms a and b, respectively
5,62 Initial estimate of variance component for random factor / in algorithms a and 5.
respectively. (i=1 to f)
& Estimate of variance component for random factor i for simulation s (i=1 10 f)
o Variance component for random factor i (i'=] tof)
o, Estimate of population standard deviation for simulation s
U, . i, Initial estimate of population mean for algorithms a and b. respectively
I, Estimate of population mean for sinﬁu]ation s
zp . P quantile of the N(0,1) standard normal distribution
Q, 0, Estimate of the P quantile given the initial mean and variance estimates in

algorithms a and b. respectively
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Figure 7. Flow chart for the initial calculation of X, .
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Fi igt)re 8. Flow chart for X, , calibration.
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The calibration process (algorithm B) is described in Figure 8. Firsta target P” quantile value

(Q,) is computed from initial estimates of population mean.and variance components. Then

multiple sets of data are simulated from the initial mean and variance components. For each set of

snmulated data, K values for a series of o values (a; (j =110 J))are computed using algorithm A.

After completion of the simulation loop (s=110S8, ), the K; value assomated with each o
computed as the mean of the K; values over all simulations. Finally, the coverage of the target P

quantile is computed for each & ;. The K; associated with the (non)coverage (g; ) closest to a is the

K value to use in formula (2). Noté that the series of a ; values are only less than or equal to a.

This is to prevent any calibration that might lead to even lower coverage than that associated with a.

10.4.2.2 Data Simulation
Both algorithms involve generating data from an overall mean and a set of four variance

components. The 1espect1ve variance components are for survey (& ) station (&7, ), survey by

time Py

), and error (&2, ) This section briefly describes how the data are

station interaction (&,

e \/U'( ¢ vrror

generated from the mean and variance components.

A multivariate random normal generator (Johnson, 1987) is used to produce cell means in the
sampling design. For a simulation, let M be a i, x 1, matrix of cell means for the crossed design,

. . N7 y
where nn,= # stations and », = # surveys. If m; is the z"‘ﬂcolumn‘of M. then
m=AY+ X,

where Y is a column vector of N(0,1) standard random normal deviates generated separately for

column /.Y is a column vector of ‘N(u.&>, ) random normal deviates. and 4 isangx ng

space

matrix such that 44'=X. HereX isan;x n, variance-covariance matrix with

-

o, +0, in the diagonal and &

e e space

in the off-diagonal. Matrix A is computed by Choleski

e

factorization of T . Once the cell means in M are computed. the replicate values in each cell are

wn
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~simulated. A data value is simulated asa N(m,,o,,,,) random normal deviate, where m;; is the

cell mean i" row and the /" column of'M_. The number of replicates simulated in each cell equals

the number of replicates in the sampling design.

10.4.3 Computation of Nonparametric Tolerance Interval Bounds

If the reference data are far from normal and cannot be transformed to approximate
normality, then a nonparametric tolerance interval is more appropriate. To compute
nonparamétric tolerance intervals, we used the method proposed by Woodward and
Frawley (1980), which is based on a method originally proposed by Hanson and
Koopmans (1964). Woodward and Frawley (1 98l0) show with simulations that their
method works well with distributions that are skewed to the right (as is often the case
with sediment chemistry data, though not with the currently evaluated sediment toxicity

data). Here. a lower tolerance limit (L) is computed as
L=Yy-b(Y,- 1)), | )

where » is the number of sampling units, Y, is the smallest data value, Y, is the highest
data value. and b is a value dependent on n, P, and a that can be found in Table 2 in
Woodward and Frawley (1980). This method has the advantage of working well with
.smaller sample sizes. in contrast with the more standard method based on the binomial

~ distribution (Hahn and Meeker 1991, Chapter §), which requires large sample sizes in
mbst cases. In the results, nonparametric tolerance limits are shown for P=.90, .925, .95,
.97 and .99 with @ =.05. Limits for P=.925 were approximated as averages of the limits
for P=.90 and P=.935, and limits for P=.97 were approximated as averages of the limits
for P=.95 and P=.99. The limits for P=.925 and P=.97 were estimated in this manner
because values for b with P=925 and P=.97 were not included in Table 2 in Woodward

“and Frawley (1980).

The computation of nonparametric tolerance intervals with the present crossed random statistical

model is similar in concept to computing parametric tolerance intervals using the naive variance
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as the population variance. For the present application, the naive variance would be computed
using the standard variance formula without regard to the station, sur'véy, fnteraction, and error
variance components (see seétioh 10:3.2.1 for how the variance components are used to compute
the population variance or standard deviation). Davis (1994) shows fhat tolerance limits based
on the naive variance will tend be too liberal (i.e., the interval bound will cover the P" quantilf:
less than /- a proportion of the time). One way>to Counteract this teh'déncy is to use a higher P

for nonparametric tolerance limits than for parametric tolerance limits.

10.4.4 Removal of Oz(tliers

- The tolerance interval is a tool for screening toxicity results for values unlike that found in
reference locations. Occasionally, unusually large effects are observed with no obvious
explanation. If such results are included in the tolerance interval computations, the tolerance
interval bounds can be so low that the method no longer has any utility as an environmentally-
protgctive screeniﬁg tool. To avoid this situation, outliers were removed from the data, as.

described below.

Eight data points. out of a total of 238 data points used in_ihe analysis, were determined to be
outliers a'ndlwere dropped from the analysis. Of these, three outliers were indicative of |
extremeiy low toxicity, and five were indicative of extremely high toxicity. Three of the outliers
came from experimental protocols with amphipods in pore water or intact cores. One (of 59)
came from amphipod Eohaustorius solid-phase homogenate tests, and four (of 37) came from
sea urchin larval tests in pore water. One sea urchin outlier had very low toxicity. three had high

toxicity.

Box plots (Tukey, 1977) were displayed to identify the outliers for each bioassay test. In a box
plot the dlSII‘lbUIlOﬂ of data values is summanzed two features of the plot are relevant here.
First. a central box with bottom and top edges at the 25" and 75" percentiles of the data
distribution is displayed. Second, extreme outliers are identified as values found more than three
interquartile ranges from the edge of the central box. Extreme outliers identified in this manner

were removed from the data before computation of the tolerance intervals.



Results

1.0 DATA QUALITY
1.I' Chemistry Data ,
All trace metal and trace organic chemistry data presented in this report met or exceeded quality

assurance guidelines, as outlined in the Bay Protection and Toxic Cleanup Program (BPTCP)
Quality Assurance Project Plan (Stephenson, et al., 1994). QA data reports were prepared
specifically for the data presented in this report, and were submitted to the SWRCB.

1.2 Grain Size Data 4 '
All sediment grain size data presented in this report met or exceeded BPTCP quality assurance

guidelines, as outlined in the BPTCP QAPP. A QA data report covering grain size analysis
was submitted to.the SWRCB.

1.3 Toxicity Data

Not all of the toxicity data presented in this report met all QA criteria as outlined in the BPTCP
QAPP. Deviations from QA criteria are described briefly here and in detail in the QA report for
toxicity data reproduced in Appendix B. All deviations from toxicity test QA criteria were
considered minor, and were not expected to affect interpretation of the data for the objectives of

this study.

1.3.1 Ampelisca Tests

In two of the sampling periods, the amphipod survival in negative controls was less than the
90% criterion. In Spring of 1994, control survival was 85 = 12%; in Fall of 1994, control
survival was 81 = 10%. Both of these tests were conducted with amphipods collected from
San Francisco Bay. In the Spring, 1995 test, amphipods from Rhode Island were used, and
control survival was 91 + 9% and 96 + 6% for the two sampling events during that season.
The ability to meet the control survival criterion was one of the factors considered in this

study's evaluation of toxicity tests for use in San Francisco Bay.

1.3.2 Mytilus Porewater Tests

In the test of samples collected in September, 1994, the percentage of normally developed
larvae in negative controls was below the acceptability criterion of 70%. Data from those
samples are presented only in the evaluation of test performance, not in the evaluation of
reference sites or calculation of reference envelope tolerance limits. All Mytilus data presented

for these purposes met the control acceptability. criterion.
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1.3.3 Nebalia Tests

The Nebalia test was undergoing preliminary development, and-incorporafed test acceptability
criteria from the ASTM amphipod protocol (e.g., 90% control survival; ASTM, 1993). The
test was conducted four times, and met the control response acceptability criterion only once
(9/94). The 3/95 test had control survival of 85 + 4%. While this was below the 90%
criterion, this deviation was considered minor for the objectives of this study, and the data
from that test were included in calculations for this report. Poor organism condition resulted in
poor control response in the 4/94 and 4/95 tests, and data from these were not used, except in

the evaluation of test performance (see Section 3.1, below).

134 General

Dissolved oxygen (DO) measurements indicated DO above 100% saturation in a number of
tests (Appendix B). This deviation was within allowable measurement error (10%) in the
majority of cases and was not expected to have affected test results. All other QA deviations
involved minor salinity fluctuations or Ampelisca laboratory holding times of less than 48
hours, as described in Methods Section 3.3 and Appendix B. None of these deviations were

expected to have significantly affected test results.

2.0 EVALUATION OF REFERENCE SITES

2.1 Measured Chemistry at Reference Sites

Chemical concentrations were com;j)ared to probable effects levels (PELs; MacDonald, 1994,
Long et al., 1998) and effects range median values (ERMs; Long et al., 1995; 1998). PEL and
ERM values are informal (nonregulatory) benchmarks to aid in the interpretation of sediment
chemistry data (Long et al., 1998; Table 8). They were derived as mid-range points within the
distributions of chemical concentrations associated with measures of adverse effects (ERMs) or
associated with both effects and no-effects data (PELs). Only those chﬁ:nljca]s for which PEL
and/or ERM values have been derived were used in this analysis (see Methods section 10.2.1).
Chemical concentrations exceeding ERM and/or PEL values do not necessarily indicate that
biological effects will be observed in a given sample, but these guidelihes are useful for

evaluating the reference site data relative to previous studies.

PEL values for chromium, and PEL and ERM values for nickel were exceeded at all reference
sites (Table 9a). The mean value for trace metal PEL quotients for each site (excluding nickel)
ranged from 0.28 to 0.37, while the mean value for trace metal ERM quotients for each site
(excluding nickel) ranged from 0.16 to 0.27. The reasons for excluding nickel from
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calculations of mean ERM and PEL values are considered in Discussion Section 1.0, as are the
implications of ERM and PEL comparisons for chromium and DDT compounds.

The mean PEL and ERM quotients for organic chemicals, including the elevated DDT values,
ranged from 0.09 to 0.11 and 0.05 to 0.0Z, respectively. Organic chemical concentrations in
reference site samples were generally well below guideline values, with two exceptions. A
sample from Paradise Cove collected in March, 1995, matched the PEL value for |
dibenz[a,h]anthracene, a polycyclic aromatic hydrocarbon (Table 9b). The San Pablo Bay
Island # 1 sample from Spring, 1995, had measured concentrations of p'p'DDT and total DDT
that exceeded PEL and/or ERM values. While an ERM value for p'p'DDT has not been
derived, the measured p'p'DDT concentration was 12.2 times the PEL value. However, the
high p,p’-DDT concentration and the high p,p'-DDT to p,p'-DDE ratio observed in the San
Pablo Bay, Island # 1 sample appeared anamalous. Therefore, a replicate analysis of the
sample was performed. This replicate analysis produced similar PCB and PAH profiles as the
initial sample, but failed to reproduce the high p,p-DDT result (p,p-DDT was not detected in
the replicate analysis). It appears that the pesticide residues in this sample were subjecttoa .
higher degree of variability, which may have been a result of either isolation of pure p,p-DDT
within small sediment particles, or of decomposition of these residues after the initial analysis.
A small particle may have had DDT embedded inside it where it was not bioavailable and did
not degrade into either DDE (aerobic) or DDD (anerobic). However, failure to reproduce the

- initial measurement indicates that the DDT was not widely distributed in the sample. Good

. PCB and PAH reproducibility indicates that these residues were more evenly distributed in the

sample.

The mean PEL quotient for all chemicais for which guideline values exist (trace metal and
organic), excluding nickel, ranged from 0.28 to 0.37, while the mean ERM quotient for all
chemicals ranged from 0.16 to 0.27. The mean ERM quotients for the three Regional
Monitoring Program (RMP) sites that were included in Reference Envelope tolerance iimk
calculations were: 0.092 (San Bruno Shoal), 0.108 (Horseshoe Bay), and 0.095 (Pinole

Point).

2.2 Toxicity Test Results at Reference Sites :

Samples from San Pablo Bay Island #1 generally showed little toxicity. Mean values for three
field replicates were greater than 80% of control response in all tests except the September,
1994, test of intact sediment with Eohaustorius, and the March, 1995, Neanthes growth test

(Figure 9). No individual field replicates from any other tests produced a value lower than
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75% of céntrol (Table 10, note that data in Table 10 are absolute values, and are not given as
percentages of control values, as they are in all Figures).

Samples from San Pablo Bay Tubbs Island produced a similar pattern, but had lower levels of
survival in solid phase tests with Ampelisca, Eohaustorius, and Neanthes (Figure 10). The
same Neanthes growth test and intact sample Eohaustorius test produéed poor results. The

-performance of these tests is discussed in the next section.

Paradise Cove samples showed little toxicity in homogenized sediment tests with amphipods,
mussel and sea urchin larval tests in porewater, and sea urchin larval tests at the sediment-water
interface (Figure 11). Results were more variable for intact sample and porewater tests with

amphipods, and in tests with Neanthes and Nebalia, as will be discussed in the next section.

Patterns of response in the various toxicity tests at the North and South sites from South San
Francisco Bay were similar (Figures 12 and 13). With the exception of amphipod porewater
results that reflect relatively low survival in test controls, results were cbnsislent]y between
80% and 100% of the control response.

Notable in the data from Tomales Bay, Marconi Cove, is the relatively poor survival of the
amphipods Eohaustorius in hdmogenized sediment (Figure 14). Results from the other tests
were comparable to those obtained from the other reference sites. As will be discussed in
following sections, the Tomales Bay site had the highest percéntage‘of clay particles, with
greater than 60% of the sample mass composed of‘particles less than 4 pm.

With the exception of Eohaustorius tests with intact sampleS, toxicity test results from Bolinas
Lagoon were consistently greater than 80% of control response (Figure 15). '

2.3 Variability Among Field Replicates at Reference Sites

With the exception of porewater and intact core tests with the amphipods, variability among
reference site field replicates was relatively low (as indicated by error bars in Figures 9 through'
15; see also Table 10). The highest coefficient of variation (CV = standard deviation divided
by the mean) for field replicate variability was 33% for Eohaustorius in homogenized sediment
from Tomales Bay, while other high values included 26% for Neanthes survival at Tomales

Bay and 25% for Eohaustorius at the South South Bay site.



2.4 Temporal Variability at Reference Sites

Temporal variability is indicated by differences between adjoining histogram bars in Figures 9
through 15. Again with the exception of porewater and intact core tests with amphipods,
temporal variability in toxicity test results at reference sites was relatively low. The highest
temporal variability was among results of Neanthes growth tests at Tubbs Island and Island #1
in San Pablo Bay (CVs = 35% and 24%, respectlvely) and among results of Neanthes .
survival at Tomales Bay (CV = 27%).

2.5 Physical Characteristics at Reference Sites

2.5.1 Grain Size _ , .
Sediments from candidate reference sites were generally 'ﬁne-grained (Figures 16 through 22).
Samples from nearly all sites had a broad distribution of particle sizes ranging from
approximately 0.2 um to 60um (colloids/clays to silts). The most abundant size fractions were
generally in the 1 to 4 pm range (clay) at nearly all sites, and there was moderate temporal
variation in grain size at all sites. Bolinas Lagoon samples tended to have a broader range of
particle sizes, with a greater fraction of silt and sand (Figure 22). Tomales Bay had the
narrowest distribution, with clays and colloids often accounting for greater than 60% of the
sample mass (Figure 21). Microscopic analysis revealed that Tomales Bay samples had a
greater abundance of small fecal pellets, but did not differ from other sites in their abundance of
diatoms, foraminiferans, plant material, worm tubes or shell fragments. Toxicity to
Eohaustorius (in homogenized sediment) correlated significantly with the presence of
clay/colloid particles at Tomales Bay (Spearman Rank Correlation, n = 7, p < 0.05).
Eohaustorius toxicity in homogenized sediment also correlated significantly with the
clay/colloid fraction at all sites, and Neanthes toxicity correlated significantly with the

- percentage of fine grained sediment (silt plus clay) at all sites (Table 11).

Grain size distributions at the reference sites were similar to those found at sites being
_investigated as candidate toxic hot spots, including Castro Cove and Islais Creek (Figure 23). .
Sediment sampled from Clipper Cove had a slightly bimodal distribution, with a moderate

amount of medium-grained sand and a greater fraction of clay.

2.5.2 Total Organic Carbon (TOC)

Total organic carbon at the reference sites ranged from 0.74% to 2.39% (Appendix A, Section
II). This was lower than that observed at Islais Creek (4.32%) and possibly at other sites
where sludge or other sewage derived organic matter accumulate. Castro Cove (1.43%) and
Clipper Cove (1.10%) were within the range of TOC values obtained at reference sites.
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~ Tomales Bay had consistently higher TOC than did the reference sites within San Francisco
Bay, averaging 2.29% compared to an overall reference site mean of 1.40%. TOC was
significantly negatively correlated with survival of Eohaustorius in porewater, survival of
Eohaustorius in homogenized sediment, and normal development of sea urchin larvae in

. porewater at reference sites (Table 11). B

2.6 Benthic Community Analyses at Reference Sites ,
Assessments of sediment quality commonly inc¢lude an analysis of benthic community ecology.
Through cooperative efforts with the SF Bay RMP, three reference sites from this study were
included in RMP pilot studies eval@ating pollution impacts on benthic communities (SFEI,
1997). These efforts to classify sites are based on the presence or absence of species that are
indicative of unimpacted sites, speéies indicative of impacted sites, taxonomic groups indicative
of unimpacted sites (such-as amphipods and echinoderms) and taxonomic groups indicative of
impacted sites (such as oligochaetes and chironomids). During three years of sampling (1994
to 1996), Island #1, Tubbs Island, and Paradise Cove had 36%, 22%, and 10% impacted
species, 9%, 11%, and 19% unimpacted species, and 3%, 11%, and 42% amphipods,
respectively. There were insignificant numbers of echinoderms, oligochaetes or chironomids
at all three sites. This preliminary data suggest that the benthic community of the Island #1 site
may be moderately impacted by pollutants. Tubbs Island appears to have a less impacted
fauné, and the assemblage observed at Paradise Cove appears to be indicative of an ‘unim'pacted
benthic community. No data were available for the South Bay reference sites. A more
extensive discussion of these results is presented in the RMP 1996 Report (SFEI, 1997).

The three RMP sites that were included in Reference Envelope tolerance limit calculations were
also sampled for benthic community analyses (SFEI, 1997). During three years of sampling
(1994 to 1996), Pinole Point, Horseshoe Bay, and San Bruno Shoal had 22%, 12% and 17%
impacted' species, 7%, 11%, and 15% unimpacted species, and < 1%, 27%, and 23%
amphipods, respectively. This preliminary data suggest that the benthi¢ community of Point
Pinole may be moderately ifnpacted by pollutants. The benthic communities of Horseshoe Bay
and San Bruno Shoal do not appear to be'im'pacted. These interpretations are preliminary, and
are discussed further in the RMP 1996 Report (SFEI, 1997).

61



3.0 EVALUATION OF TOXICITY TESTS

3.1 Test Performance

3.1.1 Acceptability of Test Control Response -

‘The degree to which each toxicity test met control acceptability criteria is indicated in Figures
24a and 24b. Control responses for each test, along with station means of all laboratory

~ replicate toxicity data are given in Table 10. Solid-phase sediment tests with the amphipod
Eohaustorius met control acceptability requirements in four of four trials (Figure 24a).
Porewater and sediment-water interface (SWI) tests with the sea urchin Strongylocentrotus met
control acceptability requirements in all trials (Figure 24b). All other tests had at least one trial
in which control response was below the criterion. The Ampelisca test, as described above,
met the criterion in both trials with east coast amphipods, but fell short of the criterion with

arhphipods collected in San Francisco Bay..

Tests with the highest percentage of test failures based on control acceptability were the Nebalia
solid-phase test and the porewater test using Eohaustorius. Poor condition of cultured Nebalia test
organisms (in one trial) and field collected organisms (in another trial) appeared to be responsible
for those poor test results. There is no specific test acceptability criterion for porewater tests with

| Eohaustorius, because this infaunal amphipod is not routinely tested for 10 days in water only
exposures. In four trials testing Eohaustorius in porewater, control survival was 80, 84, 48, and

84%, all below the 90% criterion established for amphipods tested in solid-phase sediment.

3.1.2 Variability among Laboratory Replicates

Variability among laboratory replicates of test samples is often used to define the variance
component in statistical tests, and is therefore a primary factor affecting test power to
discriminate among samples. It is used here as a measure of the consistency of response
among test organisms. Tests using developing larvae of the sea urchin Strongylocehtrotus had
the lowest variability among laboratory replicates (Figure 25). Variability among intact
sediment cores tested with Eohaustorius had the highest variability. Neanthes growth and
survival and Eohaustorius survival in porewater also had higher than average variability among

laboratory replicates.

3.1.3 Test Sensitivity _

The ability to discriminate between sites with presumed low and high concentrations of
measured chemicals was the primary indicator of test sensitivity in this study (Figure 26).
Islais Creek and Castro Cove were used as examples of sites with high levels of pollution,
though this is based on previous studies (Long et al., 1988; Flegal et al., 1994), as chemistry
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was not measured at these sites in this study. Paradise Cove was used as an exafnple of a
reference site in this comparison because it is located between Islais Creek and Castro Cove,
and because test responses were generally similar to those from the other four candidate
reference sites within the Bay (Figures 9 through 13, Table 10).

Comparisons of toxicity data from Islais Creek, Castro Cove and Paradise Cove indicate that
four tests demonstrated reduced survival or abnormal*development at Islais Creek and/or
Castro Cove, while two tests showed no difference between the sites. Islais Creek and Castro
Cove samples produced significantly lower survival than controls in solid phase tests using the
amphipods Eohaustorius and Ampelisca. Porewater and SWI tests using larval sea urchins |
exhibited significant toxicity at Islais Creek, but not at Castro Cove or Paradise Cove. Solid
phase tests using Neanthes growth and survival and Nebalia survival produced high growth
and survival at both reference and contaminated sites (Figure 26). No data were available for
the Mytilus test at Islais Creek or Castro Cove due to less than acceptable control response (see
Results Section 1.2.2).

Samples from Islais Creek had concentrations of total sulfide and unionized ammonia that may
have been at least partially responsible for effects observed in some of the toxicity tests (Table
12). In tests with Eohaustorius and Ampelisca., presumed threshold lev‘elsof total sulfide
were exceeded in test container sediment interstitial water, but not in overlying water,
However, the mobile amphipods are capable of avoiding interstitial sulfide by emerging from
test sediments or by inhabiting more highly oxidized surficial layers. -For this reason, sulfide
application limits have not been established for these tests (EPA 1994). The calculated total
sulfide LOEC (lowest observed effect level) for development of sea urchin embryos was
exceeded in Islais Creek interstitial water tested with this protocol (Table 12). Total sulfide
toxicity thresholds, rather than those for the toxic hydrogen sulfide form, were used because
literature comparative data were presented as total sulfide, and algorithms for calculaﬁng the .
percentage of hydrogen sulfide in seawater varied between laboratories. Hydrogen sulfide
data, calculated according to methods described in Phillips et al (1997), are given in Appendix
B, Section 1. ‘

Unionized ammonia threshold values were exceeded in Islais Creek samples in tests with
Ampelisca, sea urchins in porewater and sea urchins at the sediment-water interface (Table 12). _
While these threshold exceedences suggest that ammonia and sulfide may have been
responsible for toxicity at Islais Creek, preliminary toxicity identification evaluations (TIEs) of
concurrently collected Islais Creek samples indicate that substantial toxicity remained in the
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samples after hydrogen sulfide and ammonia were removed (by aeration and zeolite treatment,
respectively; Hansen and Assoc, 1996). Neither the Castro Cove nor the Paradise Cove
samples had levels of hydrogen sulfide or ammonia above presumed threshold values for

biological effects (Table 12).

3.1.4 Relationship with Chemistry at Reference Sites .
Toxicity test response was significantly negatively correlated to concentrations of some
measured chemicals at reference sites (Table 13). Survival of Eohaustorius in homogenized
sediment was significantly negatively correlated to concentrations of arsenic and copper, while
survival of Eohaustorius in porewater was significantly negatively correlated to concentrations
of cbpper, ifon, antimony, zinc, and p'p'DDE. Normal development of sea urchin larvae in
porewater was significantly negatively correlated to concentrations of total PCBs, while normal
developmerit of sea urchin larvae at the sediment-water interface was significantly negatively
correlated to concentrations of arsenic and p'p'DDE. The significance of these correlations is
uncertain, however, because none of these chemicals exceeded ERM values (see Reéults
Section 2.0), and there was minimal toxicity in samples from these sites, with the exception of

survival of Eohaustorius in porewater.

3.1.5 Relationship with Natural Factors

Only survival of Eohaustorius in porewater was significantly negatively correlated with test

solution ammonia or hydrogen sulfide at reference sites (Table 11). However, neither ammonia

nor hydrogen sulfide concentrations were as high as those reported to be toxic to Eohaustorius

(Appendix B and. Table 12). Survival of Eohaustorius in porewater, survival of Eohaustorius in
homogenized sediment, and normal development of sea urchin larvae in porewater were each

significantly negatively correlated with total organic carbon (TOC). Survival of Eohaustorius

and Neanthes in homogenized sediment were both significantly negatively correlated with grain

size: Eohaustorius with percent ciay/cblloids (the finest measured fraction) and Neanthes with

percent fines (the combined silt and clay fractions). As above, test organism survival and

normal development were generally high at reference sites, except for survival of Eohaustorius

in porewater (Table 10). These correlation analyses were part of the assessment of reference -
sites; data from presumed contaminated sites were not included. Ammonia, sulfide, grain size

and TOC at suspected contaminated sites are discussed in Section 3.1.3. ;

3.1.6 Overall Evaluation of Test Protocols

Results from amphipod tests with intact sediment cores and sediment porewater were highly
variable and subject to low control performance. These tests were intended for specific
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applications other than routine moﬁitoring. The in‘iact core tests were cdhducted 'for the
purpose of investigating the effects of homogenization on sample toxicity. Carnivorous
annelids much larger than the test amphipods were occasionally observed in the intact core
samples, and predation may have had a significant effect on test results. The porewater -
amphipod tests were conducted to provide screenirig data for Toxicity Identification-
Evaluations (TIEs). Lack of a sediment matrix is known to exert addmonal stress on test
amphlpods

Nebalta tests were subject to poor control performance, and did not respond to sediments from

test sites that were toxic to amphxpods This test was also experimental, conducted in an effort
to'develop a test with greater tolerance to hydrogen sulfide and ammonia. Neither of these
compounds appeared to be a factor in Eohaustorius toxicity in the sediments tested, though

-ammonia may have been a factor affecting survival of Ampelisca in Islais Creek samples.

Neanthes tests produced greater variability among field replicates and among laboratory
replicates than did the amphipod tests (with the exception of porewater and intact core
amphipod tests). Neanthes tests did not respond to sediments from test sites that were toxic to

amphipods.

Tests with amphipods in homogenized sediment resulted in acceptable control performance,
with the exception of Ampelisca collected in San Francisco Bay, as described above.
Amphipod survival declined significantly in sediments from test sites, presumably responding
to sedirment pollutants. Past studies of Castro Cove have documented high levels of numerous
pollutants, though no recent data was available to characterize the Islais Creek site.

With the exception of one set of tests with mussel larvae, larval development tests in pdrewater
and at the sediment-water interface:exceeded control acceptability criteria. Several factors often
complicated the interpretation of larval porewater test results. Sulfide and/or ammonia were
often measured at concentrations above toxicity thresholds in porewater samples (Table 12),
making it difficult to determine the toxic effects of any available pollutants. Porewater salinity
adjustment caused varying degrees of sample dilution, depending on the original salinity of the
samples. This variable sample dilution made it difficult to compare test results between sites.
Sea urchin larvae tested at the sediment-water interface (SWI) were generally exposed to lower
concentrations of toxic sulfide and/or ammonia, with concentrations of these compounds often
below threshold values when corresponding porewater sample concentrations were above
thresholds (Thble 12). SW1 tests were not affected by original sample salinity, since all tests
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used unadjusted overlying water from the same source, and data fiom the SWI tests were more

directly comparable among sites.

4.0 TOLERANCE LIMITS BASED ON REFERENCE SITE TOXICITY DATA

4.1 Distribution of Reference Site Toxicity Data . '
The distributions of reference site toxicity data for all protocols are presented in Figures 27
through 39. Figures 29a, 34a, and 36a contain additional data from BPTCP screening surveys

and from the SF Bay RMP (Table 14).

Three outliers were identified in the reference site toxicity data from this study. One of these
outliers was from the test of intact sediments with amphipods, in which the outlier value was
20% of the test control value (Figure 30a). The other two were from tests of sediment
porewater with amphipods, in which the outlier values were greatly in excess of the test control
values, which were lower than acceptable in tests of solid-phase sediment (Figure 31a, Table |
10). These tests, as described in Section 3.6 above, were experimental and subject to high
variability. The expanded data set that included BPTCP screening data and RMP data had
additional identified outliers. The outliers included one low value in the Eohaustorius test of
homogenized sediment (Figure 29&), and three low values plus one high value in the sea urchin

porewater tests (Figure 34a).

Reference site toxicity data from this study appear to be normally distributed (Figures 27
through 39), and there were no significant departures from normal distributions (alpha > 0.05).
Combined data séts (including BPTCP screening and RMP data) were normally distributed
after outliers were removed. Sea urchin larval tests had the lowest variability about the mean
response (Figures 33 through 36), though outliers existed in the expanded data set (Figure
34a). Amphipod tests in homogenized sediment had intermediate distributions, in terms of
variability within the data set (Figures 27a, 28a, and 29a), while Neanthes tests and tests of
intact cores and porewater with amphipods had the greatest variability in response to reference

site sediments.

4.2 Tolerance Limits for Sediment Toxicity

The amount of variability, the factors contributing to observed variability, and the mean response

to reference site sediment exhibited by each protocol influenced the tolerance limits calculated for
sediment toxicity in San Francisco Bay (Figures 27 through 39; Table 15). Tolerance limits are
presented in a number of ways to demonstrate the effects of various factors affecting reference
envelope tolerance limit calculations. Tolerance limits calculated using "naive variance"
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(assuming a single source of variation), tolerance limits calculated.using bbotstrap simulations (to
account for multiple sources of variation, such as exist in the present study with multiple
sampling times and locations), and non-parametric tolerance limits are presented for a number of
different data combinations and "p" values (see Methods Section 10.4).

Since the naive variahce calculatioh assumes that ail variance is random varianée, tolerance limits
calculated using this method will approximate those produced by the multiple-variance bootstrap
simulation calculations when the error term is the primary variance component. This tends to be
the case with data from the Eol:aus}drius tests of homogenized sediment (Figure 29b). The error
variance component accounts for 58% of the total variance in the Eohaustorius homogenized
sediment test data (Tablé 16), and the naive variance and bootstrap generated tolerance intervals
are very similar. When the variance is spread more evenly afnong variance components, as is
the case with Eohaustorius porewater and mussel larval tests (Figures 31b and 32b), the
differences between tolerance limits calculéted by the two methods is greatest. The non-
parametric tolerance limit calculations are most influenced by the absolute spread in the data
distribution, since this method depends on the range of values. Thus, for sea urchin porewater
test values with outliers removed (Figure 34b) the non-parametric tolerance limits are similar to
limits calculated with naive and bootstrap parametric methods, but when outliers are added and
the range is extended (Figure 34c), the non-parametric tolerance limits are much lower. |

The naive variance and non-paramétric tolerance limits are presented for comparison, since the
data are normally distributed (parametric) and are characterized by multiple sources of variation
(so the bootstrap simulation method is appropriate).

Tolerance limits decrease with "p" value at various rates, depending on the total variation and
distribution of variation among variance components. As p values decrease, tolerance limits
proceed toward lower percentiles of the reference distribution. In cases where the reference
site distribﬁtion has a high mean value and low overall variation about that mean, tolerance
limits are relatively high (as in Figure 34b). When mean values are relatively high, but
variability is high as well (as in Figures 37b and 38b), resulting tolerance limits may be low
relative to-previous interpretations of sediment toxicity (e.g., Swartz et al., 1985a; Schimmel et
al., 1994). When mean reference site values are low and variability is high, tolerance limits are
very low (as in Figure 30c). In sucih‘c‘ases, negative tolerance limits are possible, and
application of this method would deny any logical reason for testing, since any possible test

result would surpass the limit.
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- Sample results from the two test sites (Castro Cove and Islais Creek) can be compared against
calculated tolerance limits. The tolerance limit for the lowest 10th percentile of the reference

site distribution (p = 10) for Ampelisca tests was 71% of the control (Table 15). Tests of
Castro Cove and Islais Creek sediment produced survival rates of 36% and 67% of controls, -

- respectively. Similar values for the Eohaustorius test were: 10th percentile tolerance limit 70%,

,Castro Cove 35%, and Islais Creek 60%. Solid-phase tests with Neanthes were above the y
tolerance limits for samples from both sites. Porewater tests of sea urchin larvae produced a ‘
10th percentile tolerance limit of 94% of control response, compared to 104% at Castro Cove
and 0% at Islais Creek (though sulfide and ammonia were at toxic levels in Islais Creek
porewater; Table 12). Similar results were observed for sea urchin SW1 tests, though sulfide
and ammonia toxicity at Islais Creek are less probable.
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“Figure 9. Results of toxicity tests of samples from San Pablo Bay,

Island #1. Each column represents a sampling event; error bars are

one standard deviation among field replicates.
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Figlire 11. Results of toxicity tests of samples from Paradise
Cove. Each column represents a sampling event; error bars
are = 0ne standard deviation among field replicates.
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Figure 12. Results of toxicity tests of samples from the North
South Bay site. Each cQlumn represents a sampling event; error
bars are + one standard deviation among field replicates. |
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Figure 13. Results of toxicity tests of samples from the South
South Bay site. Each column represents a sampling event; error
bars are + one standard deviation among field replicates.
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Figure 14. Results of toxicity tests of samples from Tomales Bay,
Marconi Cove. Each column represents a sampling event; error bars
are = one standard deviation among field replicates.
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Figure 15. Results of toxicity tests of samples from Bolinas
Lagoon. Each column represents a sampling event; error bars are +
one standard deviation among field replicates.
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Figure 16. Grain size distribution in samples from _San' Pablo Bay,
Island #1. Reps are field replicates, and each line
represents a different sampling event.
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‘Figure 17. Grain size distribution in samples from San Pablo Bay,
Tubbs Island. Reps are field replicates, and each line represents
a different sampling event.
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Figure 18. Grain size distribution in samples from Paradise Cove.
' Reps are field replicates, and each line represents
a different sampling event.
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North South Bay Site, Field Replicate 2, 03/06/95
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Figure 19. Grain size distribution at the North South Bay site.
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Figure 20. Grain size distribution at the South South Bay site.
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Figure 21.
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Figure 22. Grain size distribution in samples.from Bolinas Lagooh.

- Bolinas Lagoon, Audubon'Can);on, Replicate 1, 4-25-94

100 +
80 -

O
o O
I ;

(@]
|
N
[64]

o
-
n
w
o
~
{0 9]
=
o

Fractional %
N
(@]

Phi

Bolinas Lagoon, Audubon Canyon, Replicate 2, 4-25-94

100 -
80 I
60
240
@
:§0 e o e s e M T R I B
{ 0 1 2 3 4 5 6 7 8 10 12

Phi

B_olinaé__LagoOn, Audubon Canyon, Replicate 3, 4-25-94

100
80 |

60 |

H
o

Fractional %
o
S

|

o
—
n
w
H
[o)]
~
@

10

79

12




Figure 23. Grain size distribution in samples from test sites.
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Figure 24a. Acceptability of control responses in solid-phase toxicity tests.
Each bar represents the mean home sediment control response from tests
conducted on different batches of samples. The control survival

acceptability criterion is 90%.
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Figure 24b. Acceptability of control responses in larval toxicity tests of
pore water and at the sediment-water interface. Bars represent mean
control responses in tests from different batches of samples. The control

acceptability criterion is 70%.
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'Figure 25. Variability among laboratory replicates. Bars represent average
standard deviations (+ sd) among five laboratory replicates for each test
protocol. The number of samples tested ranged from 11 to 46, depending on

the protocol.
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Figure 26. Comparison of test responses at a reference site (Paradise Cove),
“and two test sites (Castro Cove and Islais Creek). Error bars at Paradise Cove
are + one standard deviation among field replicates.
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Figure 27a. Distribution of reference site data for the Ampelisca test in
homogenized sediment. All data were from this study. There were no ,
outliers identified or removed from this data set. ' .
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Figure 27b. Reference envelope tolerance limits for the Ampelisca test. All
data were from this study. There were no outliers identified or removed from '
this data set. ' - ' 1
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Figure 28a. Distribution of reference site data for the Eohaustorius
test in homogenized sediment. Data are from this study. There were no
outliers identified or removed from this data set.
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Figure 28b. Reference envelope tolerance limits for the Eohaustorius
test in homogenized sediment. Data are from this study. There were no
outliers identified or removed from this data set.
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- Figure 29a. Distribution of reference site data for'the Eohaustorius
test in homogenized sediment. Data are from this study plus additional BPTCP
and RMP studies. There was one outlier identified, which is striped.
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Figure 29b. Reference Envelope tolerance limits for the Eohaustorius
test in homogenized sediment. Data are from this study plus additional BPTCP
and RMP studies. The one outlier was removed for this analysis.
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Figure 29c. Reference Envelope tolerance limits for the Echaustorius

test in homogenized sediment. Data are from this study plus additional BPTCP
and RMP studies. The one outlier was retained for this analysis.
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Figure 30a. Distribution of reference site data for the Eohaustorius
test in intact sediment cores. Data are from this study. There was one
outlier identified, which is striped. '
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Figure 30b. Reference envelope tolerance limits for the Eohaustorius

< testin intact sediment cores. Data are from this study. There was one
; outlier identified, which was removed for this analysis.
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Figure 30c. Reference envelope tolerance limits for the Eohaustorius
test in intact sediment cores. Data are from this study. There was one

outlier identified, which was retained for this analysis.
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Flgure 31a Distribution of reference site data for the Eohaustorius
test in sediment pore water. Data are from this study. There were two outliers
“identified, which are striped. : .
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Figure 31b. Reference Envelope tolerance limits for the Eohaustorius

test in sediment pore water. Data are from this study. The two outliers were

removed for this analysis.
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Figure 31c. Reference Envelope tolerance limits for the Eohaustorius

test in sediment pore water. Data are from this study. The two outliers were
retained for this analysis.
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Figure 32a. Distribution of reference site data for the Mytilus test in
sediment pore water. All data were from this study. There were no
- outliers identified or removed from this data set.
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Figure 32b. Reference envelope tolerance limits for the Mpytilus test. All
data were from this study. There were no outliers identified or removed from
this data set. ‘ ‘
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Figure 33a. Distribution of reference site data for the sea urchin test in
sediment pore water. All data were from this study. There were no
outliers identified or removed from this data set.
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Figure 33b. Reference envelope tolerance limits for the sea urchin test. All
data were from this study. There were no outliers identified or removed from
this data set.
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Figure 34a. Distribution of reference site dafa for the sea urchin test in sediment
pore water. ‘Data are from this study plus additional BPTCP and RMP studies.
There were four outliers identified, which are striped.
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Figure 34b. Reference Envelope tolerance limits for the sea urchin test in
sediment pore water. Data are from this study plus additional BPTCP and RMP
studies. There were four outliers identified, which were removed for this analysis.
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Figure 34c. Reference Envelope tolerance limits for the sea urchin test in
sediment pore water. Data are from this study plus additional BPTCP and RMP
studies. There were four outliers identified, which were retained for this analysis.
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Figure 35a. Distribution of reference site data for the sea urchin test at the
sediment/water interface. All data were from this study. There were no
. outliers identified or removed from this data set.
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- Figure 35b. Reference envelope tolerance limits for the sea urchin test at the
sediment/water interface. There were no outliers identified or removed from

this data set.

100

96
0 a r,
80 by ._a—;?—— ]
4 B/u/ma_a |1 '
70 ,/J'
E // )
60 = Multiple Sources
50 // . Single Source
a0 ] d %  Non-Parametric
y e
0.00 0.05 010 0.15 0.20
P Value

92




Tolerance Limit

(Percent of Control Response)

Number of Sahlples

Figure 36a. Distribution of reference site data for the sea urchin test at the
sediment/water interface. Data are from this study plus additional BPTCP and
RMP studies. There were no outliers identified or removed from this data set.
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Figure 36b. Reference envelope tolerance limits for the sea urchin test at the
sediment/water interface. Data are from this study plus additional BPTCP and
RMP studies. There were no outliers identified or removed from this data set.
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Figure 37a. Distribution of reference site data for the Neanthes test in
homogenized sediment. All data were from this study. There were no
outliers identified or removed from this data set.
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Figure 37b. Reference envelope tolerance liriﬁts for the Neanthes survival
test. All data were from this study. There were no outliers identified or
removed from this data set.
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Figure 383. Distribution of reference site data for the Neanthes growth .
test in homogenized sediment. All data were from this study. There were
no outliers identified or removed from this data set.
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Figure 38b. Reference envelope tolerance limits for the Neanthes growth
test. All data were from this study. There were no outliers identified or
removed from this data set.
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Figure 39a. Distribution of reference site data for the Nebalia test in
homogenized sediment. All data were from this study. There were no
outliers identified or removed from this data set.
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Figure 39b. Reference envelope tolerance limits for the Nebalia survival
test. All data were from this study. There were no outliers identified or
removed from this data set.
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Table 9a. Summary of trace metal chemistry data for samples with concentrations.exceeding PEL and/or ERM values.

Mean Mean Cr Ni Mean Mean

Station Date ERMQ PELQ CrPELQ Conc. Ni ERMQ Ni PELQ Conc. Metal ERMQ Metal PELQ
Paradise Cove (1) 494 022 0.35 1.5 238 2.1 25 107 1030 048
Paradise Cove (2) 494  0.19 0.32 1.4 219 1.8 2.2 93 0.25 0.42
Paradise Cove (3) _ 4194 0.19 0.31 1.4 222 2.0 24 104 0.26 0.42
San Pablo Bay, Tubbs Is. (1) 494  0.22 0.33 13 - 207 24 29 123 0.31 047
San Pablo Bay, Tubbs Is. (2) 494 020 0.31 12 195 22 26 113 0.28 042
San Pablo Bay, Tubbs Is. (3) 494  0.19 0.30 1.2 198 23 2.7 17 0.27 0.42
_{San Pablo Bay, Is. #1 (1) 4/94  0.18 029 - 12 194 1.4 1.7 13 0.25 041
San Pablo Bay, Is. #1 (2) - 4/94 020 0.30 1.3 202 1.5 1.8 76 0.28 043
San Pablo Bay, Is. #1 (3) 4/94 020 0.31 1.2 195 1.4 1.7 73 0.28 0.43
Paradise Cove (1) © 395 021 0.35 1.2 196 1.9 23 98 0.24 0.40
N. South Bay (1) 3/95  0.17 0.28 1.1 181 20 24 102 022 - 0.37
N. South Bay (2) 395 0.17 028 12 186 19 2.3 98 - 0.22 0.36
N. South Bay (3) 3/95  0.17 0.28 1.2 193 19 = 23 96 0.22 0.37
S. South Bay (1) 395 0.16 0.29 1.3 212 1.7 20 . 85 0.20 037 .
"IN. South Bay (2) 395  0.16 0.29 1.3 213 1.6 19 83 0.20 0.36
N. South Bay (3) 3/95 0.6 0.29 1.3 206 16 19 83 020 0.36
San Pablo Bay, Tubbs Is. (1) 495 021 0.34 1.3 209 26 32 135 0.29 0.48
San Pablo Bay, Is. #1 (1) 495  0.27 0.37 1.1 181 2.0 2.4 102 0.24 0.39

Trace metal concentration units are ppm (pug/g dry weight).
[ERM is Effects Range Median, PEL is Probable Effects Level (see section 10.2.1).
ERMQ and PELQ are quotients: (measured concentration of a chemical) + (its ERM or PEL value).
Mean ERMQ and PELQ are averages of ERM quotient or PEL quotient values for all measured chemicals (metal & organic), except nickel (Ni).
Mean Metal ERMQ and PELQ are average quotient values for all measured trace metals, except nickel (Ni; see Results Section 3.0).
Cr is measured chromium, Cr PELQ is the measured chromium concentration divided by the PEL value (the ERM was not exceeded).
Ni is measured nickel, Ni ERMQ and Ni PELQ) are the measured nickel concentrations divided by the ERM and PEL values.
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Table 9b. Summary of trace organic chemistry data for samples with concentrations exceeding PEL and/or ERMrvalues.

ppDDT Total DDT Total DDT

Mean Mean ppDDT Total DBA DBA DBA
Station Date  ERMQ PELQ PELQ Conc. ERMQ "PELQ  DDT Conc. ERMOQ - PELQ  Conc.
Paradise Cove (1) 4/94 0.22 0.35 0.1 nd 0.2 0.1 6.96 0.1 0.2 30.2
Paradise Cove (2) 4/94 0.19 0.32 0.1 nd 0.1 0.1 6.47 0.1 0.2 26.0
Paradise Cove (3) 4/94 0.19 0.31 0.1 nd 0.1 0.1 5.78 0.1 0.2 249
San Pablo Bay, Tubbs Is. (1) 4/94 0.22 0.33 0.1 nd - 0.1 0.1 5.74 0.1 0.1 18.0
San Pablo Bay, Tubbs Is. (2) 4/94 0.20 0.31 0.1 nd 0.1 0.1 6.24 01 0.1 185
San Pablo Bay, Tubbs Is. (3) 4/94 0.19 0.30 0.1 nd 0.1 0.1 6.18 0.1 0.1 17.9
San Pablo Bay, Is. #1 (1) 4/94 0.18 0.29 0.1 nd 0.1 0.1 5.76 0.1 0.1 13.3
San Pablo Bay, Is. #1 (2) 4/94 0.20 0.30 0.1 nd 0.1 0.1 6.07 0.1 0.1 13.4
San Pablo Bay, Is. #1 (3) 4/94 0.20 031 0.1 nd " 0.1 0.1 - 595 0.t 0.1 18.0
Paradise Cove (1) 3/95 0.21 0.35 0.1 nd 0.1 0.1 6.50 0.5 1.010 136.0
N. South Bay (1) 3/95 0.17 0.28 0.1 nd 0.1 0.1 4.61 0.1 0.2 233
N. South Bay (2) 3/95 0.17 0.28 0.1 nd 0.1 0.1 4.39 0.2 0.3 445
N. South Bay (3) 3/95 0.17 -0.28 0.1 nd 0.1 0.1 443 0.1 - 0.2 30.5
S. South Bay (1) 3/95 0.16 0.29 0.1 nd 0.1 0.1 4.76 0.1 0.2 30.0
N. South Bay (2) 3/95 0.16 0.29 0.1 nd 0.1 0.1 3.71 0.1 0.3 346
N. South Bay (3) 3/95 0.16 0.29 0.1 nd 0.1 0.1 3.34 0.1 03 34.1
San Pablo Bay, Tubbs Is. (1) 4/95 0.21 0.34 0.1 nd 0.1 0.1 6.61 0.1 0.2 23.1
San Pablo Bay, Is. #1 (1) * 4/95 0.27 0.37 12.1* 58.1* 1.6* 1.4*% 71.78* 0.1 0.1 19.9-

Trace organic concentration units are ppb (ng/g dry weight). ERM is Effects Range Median, PEL is Probable Effects Level (see section 10.2.1).
ERMQ and PELQ are quotients: (measured concentration of a chemical) < (its ERM or PEL value).

Mean ERMQ and PELQ are averages of ERM quotient or PEL quotient values for all measured chemicals, except nickel (Ni, see Results Section 3 0).
DBA is Dibenz[a,h]anthracene. ppDDT is p',p’ DDT, for which there are no ERM guidelines.
Total DDT is the sum of [o'p'DDDJ, [p'p'DDD], {o'p' DDE], [p'p' DDE], [o'p' DDT] and |p'p' DDT};
*IRM & PEL quotient sums calculated using [total DDT], not DDT metabolite quotients.

nd = non-detected.

*See Results Section 2.0 regarding these DDT values. *




Table 10. Toxicity data summary. Toxicity test results (mean + sd) for each
protocol and endpoint used in this study. Data are pot presented as a percent of
control in this table, as they are elsewhere in the Results section. Sample results -
corresponded to controls marked "(1)", with the following exceptions: fine -
sediment controls were used if available for Ampelisca tests; controls marked "(2)"
~ were used for the two San Pablo Bay sites in the 3/95 tests; brine controls were
used for pore water samples in which salinity was adjusted; and brine controls "(2)"
were used for San Pablo Bay pore water in 4/94 tests.

Eohaustorius Homogenate

Site Name Site Field Ampelisca Homogenate
Number { Rep. |% surv %o surv | %surv | %surv | %.surv | % surv
4/94 9/94 3/95 4/94 9/94 | 3/95
San Pablo Bay | 20007 1 [85+£17 [74+8 (890+7 |90+12 |88+12 (8510
(Island #1) 2 |82+£10 {74+4 (9411 |85x+4 |86+12 [90=x5
‘ ' 1 3 192+9 |61+8 [92+8 |95+7 [80x6 [|77x12
San Pablo Bay | 20006 1 [94+11 [55+£18 {79210 |72+8 |66+39 (804
(Tubbs Isl.) 2 (957 |79+x6 |81+10 |70x6 |62+35 (8010
. 3 [89+10 |69+28 [82+10 |78+6 |72+18 (816
Paradise Cove 20005 1 [82+17 [69+10 [97+5 [|79+13 [82+6 [82=x11
2 [85x9 (76x12 [97+4 |75x6 |[81x16 |8B6x13
3 |80+£20 [89+6 [94+7 {79+11 |84 +13 |BS=+8
N. South Bay 20013 1 83+ 14 7611
: 2 98 + 3 8214
3 95+5 70+ 17
S. South Bay 20014 1 87+ 14 57+34
2 869 89+4
3 84+ 11 68 + 39
Tomales Bay 20009 1 |73£10 (797 ' 3231 |78%10 _
(Marconi Cove) 2 |76+11 |82+6 |91x11 |53+19 54232 [67%8
3 7310 |78+10 | 65+7 8511
Bolinas Lagoon | 20008 | 1 |82%8 83x10
(Audubon Cyn) 2 77226 90 =11
' 3 (8015 75 % 22
Castro Cove 20010 1 12014 | ~ 133+3
Clipper Cove 20012 1 90 7 - 80+ 15:
Islais Creek 20011 1 54 £19 57+ 14
Controls
Home (1) 8013 919 |93x8 954 (9217
Home (2) 96 =6 97 +7
Home (fine sed) 85+12 [81=x10
Dilution (1)
Brine (1)
Dilution (2)
Brine (2)
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Table 10 (Continued). Toxicity data summary. Toxicity test results (mean + sd)
for each protocol used in this study. Data are not presented as a percent of

control in this table, as they are elsewhere in the Results section. Sample results
corresponded to controls marked "(1)", with the following exceptions: fine
sediment controls were used if available for Ampelisca tests; controls marked "(2)"
were used for the two San Pablo Bay sites in the 3/95 tests; brine controls were
used for pore water samples in which salinity was adjusted; and brine controls "(2)"
were used for San Pablo Bay pore water in 4/94 tests.

Site Name Site Field | Eohaustorius Intact Eochaustorius Pore Water
Number | Rep. | % surv % surv % surv % surv % surv
_ ' 4/94 9/94 4/94 9/94 3/95
San Pablo Bay 20007 ] 90+9 72+16 |68%x23 (849 92111
(Island #1) ) ' 7211 [96+9 [|96%9
~ 3 76+22 |88+18 |96x9
San Pablo Bay 20006 1 70+£12 }19+37 |76+26 8818 [80+20
(Tubbs Isl.) 2 68+23 [B4x17 [92x11
3 68+23 |88+18 (969
Paradise Cove 20005 1 6329 [60+£31 |76x9 969 84 £ 26
2 56+30 (7617 (76x17
3 84+17 [84+9 60 + 32
N. South Bay 20013 | 64+ 17
2 52136
3 84 + 26
S. South Bay 20014 1 72+ 18
2 72+ 11
3 64+9
Tomales Bay 20009 1 53+£29 |82=+13 [68+x23 [96zx9
(Marconi Cove) 2 68+18 {7211 52+27
3 S2+23 |88=x11
Bolinas Lagoon 20008 1 (4525 80+ 20
(Audubon Cyn) 2 769
3 76 + 26
Castro Cove 20010 ] 34 +22 44 + 33
Clipper Cove 20012 1 . 48 + 23
Islais Creek 20011 ] 4] +27 00
Controls
Home (1) 97«5 95+4
Home (2)
Home (fine sed)
Dilution (1) 80+14 |84 +17 [48x23
Brine (1) 48 + 30
Dilution (2) - 84+9
Brine (2) 8417
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Table 10 (Continued). Toxicity data summary. Toxicity test results (mean * sd)
for each protocol used in this study. Data are not presented as a percent of
control in this table, as they are elsewhere in the Results section. Sample results
corresponded to controls marked "(1)", with the following exceptions: fine
sediment controls were used if available for Ampelisca tests; controls marked "(2)"

were used for the two San Pablo Bay sites in the 3/95 tests; brine controls were

used for pore water samples in which salinity was adjusted; and brine controls "(2)"
were used for San Pablo Bay pore water in 4/94 tests.

Site Name Site Field Mussel Pore Water - Sea Urchin Pore Water
Number | Rep. | % normal | % normal | % normal | % normal | % normal | % normal
: 4/94 9/94 3/95 4/94 9/94 3/95
San Pablo Bay 20007 1 79+11 4127 78+ 9 98 1 97 +2 95+2
(Island #1) 2 839 527 76 +7 963 -[94z%3 98.+ 2
3 8111 145+6  |78+8 94+3  |97+2 961
San Pablo Bay 20006 1 83+9 227 78+ 8 96 +2 96 %3 98 + |
(Tubbs Isl.) 2 77+13 - |3427 76x6 97+1 [97%2 96+ 3
3 93 +2 31 +8 78 +6 95 +2 97 + | 971
Paradise Cove 20005 1 69+20 |33x6 93+3 92+4  |94z%5 952
' 2 65x12 |29x11 89+3 90=x4 96 +2 97 + 1
3 775 37x6 78 7 93+ 6 96 % 3 98 * 1
N. South Bay 20013 1 895 ' 94+3
2 907 98 + 1
3 82 + 20 95+4
S. South Bay 20014 1 906 980
2 (92 %5 99 + |
3 87+4 97 %1
Tomales Bay 20009 1 {7229 255 97+2  [82%
(Marconi Cove) 2 |718'%12 |34+6 |85%6  [92%7 |64x21 |91x7
3 8312 124+ 10 72 £ 4] 71 +7
Bolinas Lagoon | 20008 I |85+10 ’ 95+3
(Audubon Cyn) 2 |79=x11 95+4
' 3 186410 95+2
Castro Cove 20010 1 28+ 5 96 % |
Clipper Cove 20012 1 925 B 943
Islais Creek 20011 1 00 ‘ 00
Controls
Home (1)
Home (2)
Home (fine sed) :
Dilution (1) 76+ 8 S9+4 94 7 95 x4 96+ 2 98 x2
Brine (1) 73+7 607 [90+7 90=x4 192= 96 %2
Dilution (2) 80+ 8 84+10 |95=x2 ' 99 +2
Brine (2). 7017 837 94 + 2 98 + 2
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Table 10 (Continued). Toxicity data summary. Toxicity test results (mean =+ sd)
for each protocol used in this study. Data are pot presented as a percent of
control in this table, as they are elsewhere in the Results section. Sample results
corresponded to controls marked "(1)", with the following exceptions: fine
sediment controls were used if available for Ampelisca tests; controls marked "(2)"
were used for the two San Pablo Bay sites in the 3/95 tests; brine controls were

used for pore water samples in which salinity was adjusted; and brine controls "(2)"
were used for San Pablo Bay pore water in 4/94 tests.

Site Name Site Field Sea Urchin SWI Neanthes Homogenate
Number| Rep. | % normal | % normal | % normal | % surv }gwth (mg)| gwth (%)
‘ : 4/94 9/94 3/95 9/94 9/94 9/94
San Pablo Bay | 20007 1 [93%2 98 +2 84+7 1000 |11.2+1.2|88.2
(Island #1) 2 1000 [124+28][97.6
3 76+43 [13.7+44]107.9
San Pablo Bay | 20006 1 |95x2 94+2 [93+4 76 +43 [11.5x1.4(906
(Tubbs Isl.) 2 80 + 28 11.8+3.4(929
' 3 96 +9 12.2+2.496.1
Paradise Cove 20005 1 92+3 95+2 96 £ 1 88+27 |11.1+3.6|874
2 6042 |13.1+£4.0]103.1
3 9218 [99+36 |78
N. South Bay 20013 1 97 + 1
: 2
3
S. South Bay 20014 1 98 + 1
1 2
3
Tomales Bay 20009 1 8425 |77%43 56+30 |122x5.1]96.1
(Marconi Cove) 2 96 +2 96 +9 10.3+3.1|81.1
3 80+45 110.2+3.0{80.3
Bolinas Lagoon | 20008 1 95+4
(Audubon Cyn) 2
3
Castro Cove 20010 1 97+3 1000 |12.5+3.5]|984
Clipper Cove 20012 1 95+ 35
Islais Creek 20011 1 00 10020 [11.3+4.1(89
Controls
Home (1) 99 + | 100+£0 [12.7+£25]100
Home (2)
Home (fine sed)
Dilution (1) 93+2 98 + 1
Brine (1) 971
Dilution (2)
Brine (2) 93 1 ]

102




Table 10 (Continued). Toxicity data summary. Toxicity test résults (mean =+ sd)
for each protocol used in this study. Data are pot presented as a percent of

control in this table, as they are elsewhere in the Results section. Sample results
corresponded to controls marked "(1)", with the following exceptions: fine
sediment controls were used if available for Ampelisca tests; controls marked "(2)"
were used for the two San Pablo Bay sites in the 3/95 tests; brine controls were
used for pore water samples in which salinity was adjusted; and brine controls "(2)"
were used for San Pablo Bay pore water in 4/94 tests. '

Site Name . Site: | Field Neanthes Homogenate Nebalia Homog. |
' Number | Rep. | % surv [gwth (mg)| gwth (%)| % surv | % surv
3/95 3/95 3/95 9/94 3/95
San Pablo Bay 20007 1 1000 |12.6+2.8(59.0 95+ 6
(Island #1) 2 '
K]
San Pablo Bay 20006 ] 1000 |[14.1+0.5(66.0 9311
(Tubbs Isl.) 2 '
3 _
Paradise Cove 20005 1 |80£45 [13.4x2.9(850 1000 (65215
. 5 .
3 ‘ ‘
N. South Bay 20013 1 196=x9 128 +£3.2182.0 69+ 10
: 2
3
S. South Bay 20014 1 [92£11 [15324.5(97.0 70+ 16
2,
3 ,
Tomales Bay 20009 1 97 +3
(Marconi Cove) , 2. 1000 [10.4%2.3|66.0 ' 816
) 3 '
Bolinas Lagoon 20008 1
(Audubon Cyn) 2
3
Castro Cove 20010 1 1000
Clipper Cove 20012 1 [100+0 [10.5+19(67.0 72 %17
Islais Creek 20011 ] ' 975
Controls
Home (1) 8811 [157%1.4{1000 100£0 |[85x4
Home (2) 100+0 [21.4£2.1{100.0
Home (fine sed) '
Dilution (1)
Brine (1)
Dilution (2)
Brine (2)
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Table 11. Spearman rank correlation coefficients for significant negative

correlations between toxicity and natural sediment parameters.

Test TOC % Clay | % Fines NH3 H2S
Ampelisca NS NS NS NS NS
thaustoriu§ (Homog) ' .-0.570 *kH .0.321 * NS - NS NS
Eohaustorius (Intact) NS NS | NS NS NS
Eohaustorius (Pore Water) .0.347 na na -0.716 **% -0.68]1 ***
| Mytilus NS na na NS NS
Sea Urchin (Pore Wa'ter). -0.333 * na na NS NS
Sea Urchin (SWI) NS - na na NS NS
Neanthes (Survival) NS NS -0475 * NS NS
Neanthes (Growth) NS NS NS NS NS
* [Nebalia NS _NS NS NS NS

NS = not significant. na = not applicable (e.g. grain size in pore water tests).

TOC is total organic carbon.

Statistical significance: alpha 0.05*; alpha 0.01**;
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alpha 0.001***




Table 12. Toxicity test sulfide and ammonia measurements above threshold values (a).

Site Site Date Test Measurements from Test Chambers
‘ Number ' ' Parameter | Time | Matrix {Concentration
: : () ©f: - (@ (mgl)
SPB Island #1 20007 Apr-94  |Mussel PW S2- I |- 1 009
SPB Island #1 20007 Apr-94 . [Urchin PW S2- | 1 |0.14
SPB Island #1 20007 Apr-94  [Urchin PW S2- I 1 [0.159
Bolinas Lagoon| 20008 Apr-94  [Mussel PW S2- I I |0.106
Tomales Bay | 20009 Apr-94  [Mussel PW. S2- I I [0.166
Tomales Bay 20009 Apr-94  [Mussel PW S2- I I {0113
Ioma'les Bay 20009 Apr-94  (Urchin PW S2- I I 017
lslaie Creek 20011 Sep-94  |Ampelisca NH3 F 0 [0721
Islais Creek 20011 Sep-94  jAmpelisca - 82- I T [3.967 '
Islais Creek 20011 Sep-94  |Eoh Homog - §2- I I ]6.164
Islais Creek | 20011 Sep-94  {Eoh Intact S2- I I (4956
Islais Creek 20011 Sep-94 Eoh Intact - §2- F 1 2.349
Islais Creek 2001 1. Sep-94  |Eoh PW " 82- 1 I 1.373
Islais Creek 20011 Sep-94  |Urchin PW . NH3 F T (0478
Islais Creek 20011 Sep-94  |Urchin PW YN F I ]0.935
Islais Creek 20011 Sep-94  |Urchin SWI __I:_I:H,@. F O [0.083
N-Seuth-Bay— 20013 [ Mar/Apr 93 [Mussel PW NH3 —f +—16-057
N South Bay 20013 | Mar/Apr95 |Nebalia . NH3 I 0 ]1.835
N'South Bay 20013 | Mar/Apr95 |Urchin SWI NH3 1 1 0.079
"IN South Bay 20013 Mar/Apr 95 {Urchin SWI NH3 F 1 0.054

(a) Threshold values for Total Sulfide were derived from the following sources:
Ampelisca  LOEC (for Rhepoxynius) = 1.47 mg/L, Knezovich et al 1995.
Eohaustorius LOEC for Eohaustorius = 1.92 mg/L, Knezovich et al 1995..

&A1 {M“j(:)

Neanthes LOEC for Neanthes = 10 mg/L, Dillon et al 1993

Nebalia . LOEC (for Rhepoxynius) = 1.47 mg/L, Knezovich et al 1995.

Sea Urchin  LOEC for S. purpuratus = 0.128 mg/L., Knezovich et al 1995. C
Mussel ‘LOEC for M. edulis = 0.09, Knezovjch et al 1995.

(a) Threshold values for Unionized Ammonia derived from the following sources:
Ampelisca  Toxicity test application limit = 0.4 mg/L, EPA 1994.
Eohaustorius Toxicity test application limit = 0.8 mg/L, EPA 1994.

Neanthes LOEC for Neanthes = 1.25 mg/L, Dillon et al 1993

Nebalia Toxicity test application limit (for Rhepoxynius) = 0.4 mg/L, EPA 1994.
Sea Urchin  NOEC for S. purpuratus = 0.05 mg/L, Bay et al 1993.

Mussel

NOEC (for red abalone larvae) = 0.05 mg/L, MPSL, unpublished data.

(b) S2- is total sulfide, NH3 is unionized ammonia.
(c) "I" indicates measurement taken at test initiation, "F" is final at test termination.
(d) "I" indicates measurement taken from interstitial water,"O" is from overlying water.
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Table 13. Spearman rank correlation coefficients for significant negative correlations between toxicity and
bulk sediment chemistry. ‘

Test As Cu Fe Sb Zn ppDDE  Total PCB TOC
Ampelisca NS NS NS NS NS NS .NS NS
Eohaustorius H. -0.5;70 ok -0.321 * NS NS NS NS NS -0.570 ***
Eohaustorius 1. NS NS NS NS NS NS NS NS -
Eohaustorius PW NS -0.672 *** -0.535 *** -0.618 *** -0.581 *** -0.607 *** NS -9;347 *k
Mytilus PW 7 NS NS NS NS NS NS NS NS
Sea Urchin PW NS NS NS . NS NS NS -0.608 ;** -0.333 *
Sea Urchin SWI -0.880 ‘NS NS " NS NS -0.755 *** NS » NS
Neanthes Surv. NS NS NS NS NS NS NS NS
Neanthes Grow. . NS NS NS NS NS NS NS NS
Nebalia NS NS NS NS NS NS NS NS

NS indicates the correlation was not statistically significant.

As is arsenic, Cu is copper, Fe is iron, Sb is antimony, Zn is zinc, ppDDE is p'.p' DDE, and total PCB is the sum of 18 PCB congeners.
TOC is total organic carbon.

Statistical significance: alpha 0.05*

alpha 0.01**

alpha 0.001***




Table 14. Data included in additional tolerance limit calculations. All data are from
candidate reference sites in San Francisco Bay. BPTCP is Bay Protection and

Toxic Cleanup Program; these reference sites are the same as those sampled as part of
this study, and were sampled in conjunction with toxicity screening of Bay test sites.
RMP is the SF Bay Regional Monitoring Program; these sites were sampled as part
of semi-annual Bay surveys. SWI indicates sediment water interface exposures (see
Methods Section 3.6.2). ’

Site Date , Percent of Control Response
Site Name Code |[Collected| Eohaustorius | Sea Urchin Normal Larvae
Survival Pore Water SWI
BPTCP Sites
N. South Bay 20013 | 4/19/95 | 91% 122%
S. South Bay 20014 | 4/19/95 88% -~ 55%
Island # 1 20007 | 5/2/95 85% . 101%
Paradise Cove 20005 | 5/1/95 85% - 100%
Tubbs Island 20006 | 10/26/95 91% 105%
Paradise Cove 20005 | 10/26/95 86% 3%
N. South Bay 20013 | 12/7/95 87% 0%
S. South Bay 20014} 12/7/95 89% 102%
Tubbs Island 20006 | 6/11/96 . ‘ 103%
Paradise Cove 20005 | 4/4/97 79% e 97%
N. South Bay 20013 | 4/16/97 100% 100%
Island # 1 20007 | 4/15/97 52% o 90%
RMP Sites
Pinole Point BD30 | 3/1/93 64%
Pinole Point BD30| 9/1/93 89%
Pinole Point BD30 | 2/1/94 74%
Horseshoe Bay BC21 | 2/1/94 86%
San Bruno Shoal BB15| 8/1/94 100%
Horseshoe Bay BC21 | 8/1/94 101%
San Bruno Shoal BB15 | 2/1/95 80%
Horseshoe Bay BC21 | .2/1/95 90%
San Bruno Shoal BB15 | 8/1/95 83%
Horseshoe Bay BC21 | 8/1/95 | 89%
San Bruno Shoal BB15| 2/1/96 84%
Horseshoe Bay BC21 | 2/1/96 76%
San Bruno Shoal BB15| 8/1/96 90%
Horseshoe Bay BC21 | 8/1/96 88%
San Bruno Shoal BB15 | 2/1/97 83%
Horseshoe Bay BC21 | 2/1/97 82%
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Table 15. Tolerance limits, presented as survival or normal development as a
percentage of test controls, based on reference site toxicity data from this study,
BPTCP screening studies, and the RMP, with outliers removed. The "p" value
indicates the percentile of the reference distribution used to generate the tolerance
limit. Tolerance limits based on calculations using multiple sources of variation
are appropriate for the current study; non-parametric limits and limits based on
calculations using a single source of variation are shown for comparison. All limits
were calculated based on an alpha level of 0.05. See Methods Section 10.3 for

details. "nc" indicates limit was not calculated.

Test - p value Tolerance Limits
~ Parametric Non-Parametric
- Sources of Variation:
Multiple Single
Ampelisca 1% 54.7 64.7 28.7
Ampelisca 2% 59.1 68.1 nc
Ampelisca 3% 61.6 70.3 ‘nc
Ampelisca 4% 637 | 720 ' nc
Ampelisca 1 5% 65.3 - 733 57.9
Ampelisca 6% 66.6 74.4 nc
Ampelisca 7% 67.9 . 75.4 nc
Ampelisca 8% 689 | 763 nc
Ampelisca 9% 69.9 77.1 nc
Ampelisca 10% 70.9 71.8 75.3
Ampelisca 12% . 72.5 79.1 nc
Ampelisca 14% 739 . 80.2 nc
Ampelisca 16% 75.1 81.3 nc
Ampelisca 18% 76.3 82.2 nc
Ampelisca - 20% 77.5 83.1 nc
~|Eohaustorius Homog. 1% 58.7 61.0 - 404
Eohaustorius Homog. 2% 61.5 63.7 nc
Eohaustorius Homog. 3% 63.3 65.4 nc
Eohaustorius Homog. 4% 64.2 66.7 nc
Eohaustorius Homog. 5% 65.5 - 67.7 63.9
Eohaustorius Homog. 6% 66.7 68.6 nc
Eohaustorius Homog. 7% 67.5 69.3 nc
Eohaustorius Homog. 8% 68.2 70.0 nc
Eohaustorius Homog. 9% 68.8 70.7 nc
Eohaustorius Homog. 10% 69.5 71.2 65.3
Eohaustorius Homog. 12% 70.6 72.3 nc
Eohaustorius Homog. 14% 71.5 73.2 nc
Eohaustorius Homog. 16% 72.2. 74.0 nc
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Table 15. Continued.

Test p value Tolerance Limits
Parametric Non-Parametric
Sources of Variation: '
Multiple Single

Eohaustorius Homog. 18% 72.8 74.7 nc
Eohaustorius Homog. 20% 734 75.4 nc
Eohaustorius Intact 1% 2.1 - 5.9 --111.4
Eohaustorius Intact 2% 5.4 133 nc
Eohaustorius Intact " 3% 109 17.9 nc
Eohaustorius Intact 4% 14.7 21.3 nc
Eohaustorius Intact 5% 17.3 24.1 - -37.1
Eohaustorius Intact 6% 19.7 26.5 nc
Eohaustorius Intact 7% 22.5 28.5 nc
Eohaustorius Intact 8% 24.5 30.3 nc
Eohaustorius Intact 9% 26.3 32.0 - nc
Eohaustorius Intact 10% 27.6 335 -5.2
Eohaustorius Intact 12% 30.6 . 36.2 nc
Eohaustorius Intact 14% 33.1 38.6 nc
Eohaustorius Intact 16% 35.5 - 40.7 nc
Eohaustorius Intact 18% 37.6 42.6 nc
Eohaustorius Intact - 20% 39.5 44 .4 nc
Eohaustorius Pore Water | 1% -39.1 46.2 -13.3
Eohaustorius Pore Water 2% -25.1 53.1 nc
Eohaustorius Pore Water 3% -149 57.4 nc
Eohaustorius Pore Water 4% -7.9 60.7 nc
Eohaustorius Pore Water 5% 2.7 63.3 47.1
Eohaustorius Pore Water 6% 0.8 65.5 nc
Eohaustorius Pore Water 7% 5.0 67.5 nc
Eohaustorius Pore Water ' 8% 11.0 69.2 nc
Eohaustorius Pore Water 9% 14.4 70.8 nc .
Eohaustorius Pore Water 10% 17.0 72.3 85.0
Eohaustorius Pore Water 12% 235 . 74.9 nc
Eohaustorius Pore Water 14% 29.3 77.2 nc
Eohaustorius Pore Water 16% 32.8 79.2 nc
Eohaustorius Pore Water 18% 36.6 81.1 ‘nc
Eohaustorius Pore Water 20% 40.2 82.9 nc
Mussel Larvae 1% 19.9 65.2 32.6
Mussel Larvae 2% 284 69.2 ‘nc
Mussel Larvae 3% 34.1 71.7 nc
Mussel Larvae 4% 37.1 73.6 nc
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Table 15. Continued.

Test p value Tolerance Limits
Parametric Non-Parametric
Sources of Variation:
: Multiple Single

[Mussel Larvae 5% 39.8 75.1 67.9
Mussel Larvae 6% 42.2 76.4 nc
Mussel Larvae 7% 44 .8 77.6 nc
Mussel Larvae 8% - 45.6 78.6 nc
Mussel Larvae 9% - 484 79.5 nc
Mussel Larvae 10% 50.7 80.3 83.2
Mussel Larvae 12% 54.0 81.8 nc
Mussel Larvae 14% 56.4 83.2 nc
Mussel Larvae 16% ' 58.6 - 84.4 nc
Mussel Larvae 18% 61.2 85.5 nc
Mussel Larvae 20% 63.6 . 86.5 nc
Sea Urchin Larvae PW 1% 89.9 - 94.4 89.3
Sea Urchin Larvae PW 2% 90.9 95.2 nc
Sea Urchin Larvae PW 3% 91.7 95.7 nc
Sea Urchin Larvae PW 4% 922 96.1 nc
Sea Urchin Larvae PW 5% 92.7 96.4 95.0
Sea Urchin Larvae PW 6% 93.2 96.7 nc
Sea Urchin Larvae PW 7% 93.7 96.9 nc
Sea Urchin Larvae PW 8% 93.9 1 97.1 nc
Sea Urchin Larvae PW 9% 94.2 97.3 nc
Sea Urchin Larvae PW 10% 94.3 97.5 97.6
Sea Urchin Larvae PW 12% 94.7 97.8 nc
Sea Urchin Larvae PW 14% 95.2 98.1 nc
Sea Urchin Larvae PW 16% 95.5 . 98.3 nc
Sea Urchin Larvae PW 18% 95.8 98.5 nc
Sea Urchin Larvae PW 20% 96.0 98.7 nc
Sea Urchin Larvae SWI 1% 79.4 81.7 62.4
Sea Urchin Larvae SWI 2% 81.4 83.5 nc
Sea Urchin Larvae SWI 3% 82.6. 84.6 nc
Sea Urchin Larvae SWI 4% 83.5 85.5 nc

|Sea Urchin Larvae SWI 5% 84.3 86.2 77.6
Sea Urchin Larvae SWI 6% 85.0 86.7 nc
Sea Urchin Larvae SWI 7% 85.5 - 87.3 nc
Sea Urchin Larvae SWI 8% 86.0 87.7 nc
Sea Urchin Larvae SWI 9% 86.4 88.1 nc
Sea Urchin Larvae SWI 10% 86.7 88.5 84.2
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Table 15. Continued. -

Test p value Tolerance Limits :
! Parametric Non-Parametric
Sources of Variation:
: Multiple Single
Sea Urchin Larvae SWI - '12% 87.4 89.2 nc
Sea Urchin Larvae SWI 14% 88.0 89.7 nc
Sea Urchin Larvae SWI 16% 88.6 90.3 nc
Sea Urchin Larvae SWI 18% 89.2 90.8 nc
Sea Urchin Larvae SWI 20% 89.6 191.2 nc
Neanthes Survival 1% -59 422 -31.8
Neanthes Survival 2% 2.1 47.5 nc
Neanthes Survival 3%. 9.1 - 50.8 nc
Neanthes Survival 4% 13.6 533 nc
Neanthes Survival 5% 17.2 554 18.2
Neanthes Survival 6% 19.0 57.1 nc
Neanthes Survival 7% 22.2 58.6 nc
Neanthes Survival 8% 23.3 59.9 nc
Neanthes Survival 9% 26.7 61.1 nc
Neanthes Survival 10% 27.5 . 62.2 39.7
Neanthes Survival 12% 31.8 64.2 nc
Neanthes Survival 14% 33.5 66.0 nc
Neanthes Survival 16% 36.7 67.5 nc
Neanthes Survival 18% 403 69.0 nc
Neanthes Survival 20% 42.4 70.3 nc
Neanthes Growth - 1% -1.5 39.6 -324
Neanthes Growth 2% 8.5 "~ 448 nc
Neanthes Growth 3% 13.6 48.2 nc
Neanthes Growth 4% 18.4 50.6 nc
Neanthes Growth 5% 22.8 52.7 17.3
Neanthes Growth 6% 254 54.4 nc
Neanthes Growth 7% 28.1 55.9 nc
Neanthes Growth 8% 30.6 57.2 nc
Neanthes Growth 9% 32.8 58.4 nc
Neanthes Growth 10% 34.4 59.5 38.8
Neanthes Growth 12% 37.6 61.4 nc
Neanthes Growth 14% 40.6 63.2 nc-
Neanthes Growth 16% 433 ©64.7 nc
Neanthes Growth 18% 45.7 66.2 nc
Neanthes Growth 20% 47.9 67.5 nc
Nebalia 1% -4.6 41.1 -31.2
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Table 15. Continued.

Test | pvalue Tolerance Limits
' Parametric Non-Parametric

Sources of Variation:

Multiple Single
Nebalia 2% - 5.5 46.2 nc
Nebalia 3% 120 49.3 nc
Nebalia 4% 16.5 51.7 nc
Nebalia : 5% 19.5 53.6 16.2
Nebalia 6% 21.9 55.3 nc
Nebalia 7% 24.6 56.7 nc
Nebalia 8% - 27.7 - 58.0 nc
Nebalia 9% 29.2 59.1 nc
Nebalia 10% 3.1 | 601 36.6
Nebalia 12% 35.1 62.0 ‘nc
Nebalia 14% 37.7 63.7 nc
Nebalia 16% 409 65.1 nc
Nebalia - 18% 43.1 66.5 nc
Nebalia 20% 45.7 67.7 . nc
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Table 16. Variance components: factors affecting variation in reference site toxicity data, and the percentage of

variation accounted for by each factor. Values are computed from all data (this study, BPTCP screening studies, and

SF Bay Regional Monitoring Program), with outliers excluded. Means and sd are given as a percentage of controls.

Naive SD is the commonly used standard deviation, used to calculate tolerance limits with naive variance; SD is the

standard deviation used in the bootstrap calculations, and is the square root of the sum of space, time, ivnteraclion, and

replicate variance components (see Methods Section 10.3).

Population Parameters

Variance Components

. Protocol Mean Naive SD SD Time i Space Interaction | _ Error
Ampelisca 96 10.3 11.7 14% 0% 45% 41%
thau‘Storius (homog) 85 8.5 9.1 0%' 10% 32% 58%
Eohaustorius (intact) 74 11.8 12.9 0% 45% 55% 0%

|Eohaustorius (pw) 108 20.3 25.9 51% | 31% 0% 18%
Mussel 101 11.4 15.4 36% 0% 47% 17%
Sea Urchin (pw) 102 2.5 28 | 53% 0% 16% | 31%
Sea Urchin (swi) 98 4.7 4.8 37% | 1% | 62% | 0%
Neanthes Survival 91 13.6 21.3 30% 25% 0% .| 45%
Neanthes Growth 88 13.5 20.2 13% 0% 65% 22%
Nebalia 88 | 9.3 16.6 38% 0% 62% 0%




Discussion

1.0 EVALUATION OF SEDIMENT REFERENCE SITES IN SAN FRANCISCO BAY

1.1 Sediment Chemistry
It is unlikely that there are any pristine sites in San Francisco Bay that would be indicative of pre-

industrial conditions. All candidate reference sites evaluated in this study had detectable levels of
numerous anthropogenic chemicals (Appendix A). All sites had nickel concentrations above PEL
and ERM values (Probable Effects Level [MacDonald, 1994] and Effects Range Median [Long et |
él., 1995]), and all sites had chromium_ concentrations above PEL values. It is likely, however,
that nickel and chromium were derived primarily from natural geologic sources, such as
serpentine rock formations. Flegal et al. (1994) found that the concéntrations of chromium and
nickel in San Francisco Bay sediments _weré generally below their average crustal abundances,

indicating they were not significantly enriched through human activities.

. The poiycyclic aromatic hydrocarbon (PAH) Dibenz[a,h]anthracene was measured at a-
concentration slightly above the PEL value (but below the ERM value) in one sample from
Paradise Cove (Station 1, 3/95; Table 9). That sample did not elicit toxicity with any of the test
protocols (Table 10). One sample from San Pablo Bay Island #1 had p'p'DDT and total DDT at
concentrations well above both the ERM and PEL values (Table 9). Both of these éamples were
collected during the heavy storm events of March and April, 1995, and the elevated
concentrations may have been associated with storm water runoff. However, in a replicate
analysis of the Island #1 sample there was no detectable p'p'DDT or total DDT, though
concentrations of other analytes were consistent with the original analysis (see Results Section
2.0). The distribution of DDT within this sample was apparently highly variable, and the
original measurement may have detected a small amount DDT embedded within small sediment
particles. Therefore, the toxicological significance of the measured DDT at Island #1 is

uncertain.

The ERM values that were exceeded in some reference site samples from this study were among
those for which Long et al. (1995) had limited confidence. ERM values for nickel, p,p'-DDT

and total DDT were judged to have relatively low accuracy. Both nickel and the DDT

compounds had low incidences of effects in studies where sediment concentrations were above
the ERM. Chromium had high incidences of effects at concentrations above the ERM value, but
this was exaggerated by data from multiple tests performed at only two sites (Long et al., 1995). -
Anderson et al. (1995) found that San Francisco Bay pore water had to be spiked with nickel to
concentrations well above ERM values to elicit toiicity. The lack of significant toxicity in the
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San Francisco Bay reference site samples with elevated nickel, chromium and/or DDT
concentrations is, therefore, not without precedent. Because nickel was presumed to be derived
primarily from natural sources, and because the measured nickel concentrations were below

~ those expected to elicit toxicity (Anderson et al., 1995), nickel ERM quotients were excluded

from the quotient means used to indicate the relative degree of pollution at the reference sites.

Since all sites had detectable levels-of numerous chemicals, guideline quotient mean values were
used as relative measures of the overall pollution at each site (see Methods Section 10.3.1). As

- above, guideline quotient values for nickel were not used in determining quotient means. The

PEL quotient means for candidate reference sites ranged from 0.28 t0 0.37. ERM quotient
means ranged from 0.16 to 0.27. ERM quotients for the three RMP sites included in Reference
Envelope calculations ranged from 0.091t00.11. The highest mean quotient values came from
the San Pablo Bay Island #1 site, primarily as a result of high DDT measured in one of four
samples from that site (Table 9). Use of guideline quotient means in the evaluation of sediment

.contamination has been limited, and interpretation is preliminary. In a recent study of San Diego

Béy conducted as part of the Bay Protection and Toxic Cleanup Program (BPTCP), reference
sites selected for use in statistical analyses of toxicity test data had ERM quotient means ranging
from 0.065 to 0.252, and PEL quotient means ranging from 0.116 to 0.404 (Fairey et al.,
1996). The ERM quotient means for all other samples analyzed in that study ranged from 0.088
to 2.373, and PEL quotient means ranged from 0.150 to 3.082. Four sites were identified in the
San Diego study as having both toxic sediments and degraded benthic communities. For these
four sites, the ERM quotient means averaged 1.47 (= 0.76) and PEL quotient means averaged
1.92 (£ 1.01). Allsites in that study having ERM quotient means greater than 0.55 had benthic
communities that were classified as degraded (Fairey et al., 1996). The ERM and PEL quotient
means from the five candidate reference sites in San Francisco Bay were low relative to quotient
means from degraded sites, though some were higher than those from reference sites in the San
Diego study. Excluding nickel and chromium, there were two San Francisco Bay reference site
samples out of eighteen analyzed that had single chemical concentrations exceeding ERM and/or
PEL values (Table 9), and numerous anthropogenic chemicals were detected at every site. The
candidate San Francisco Bay reference sites, therefore, are clearly not pristine, but they may
represent the best current characterization of optimal ambient conditions likely to be found in the

Bay with reasonable sampling effort.

1.2 Salinity, Grain Size, and Total Organic Carbon
Salinity varied among sampling periods, especially in samples from San Pablo Bay, where pore
water salinity ranged from 2% to 25%. (Table 3). For all SF Bay reference site samples, the
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‘salinity range (2 to 30%c) was fairly large, and was proBably sufficient for comparisons with -
most test sites. Grain size distributions were similar to those at depositional sites suspected of
having pollutant levels capable of producing biological impacts (e.g., Islais Creek, Castro Cove;
- Figures 16 to 23). All of the reference sites had high percentages of silt and clay. Because fine
grained sediments are capable of scavenging and sédhcstering trace metals and other pollutants, it
is important to have fine-grained reference sediments so that interpretation of observed
differences in toxfcity among sites can be attributed to factors other than grain size. TOC was
relatively consistent among reference sites and test sites such as Castro Cove and Clipper Cove.
Islais Creek sediments, which have received organically enriched effluents, had about twice the

TOC content as reference site sediments.

. The three RMP sites included in Reference Envelope calculations had generally larger grain size
and lower TOC than did the reference sites evaluated in this report. Over two seasons (1996),
percent fines (silt plus clay) and percent TOC, respectively, averaged 60% and 1.3% at Point
Pinole, 36% and 0.8% at Horseshoe Bay, and 72% and 1.0% at San Bruno Shoal A(SFEI, 1997).

1.3 Benthic Community Analyses
‘Sediment quality is commonly characterized using a triad approach that includes measures of
- chemistry, toxicity, and benthic community ecology (Chapman et al., 1987). Ideally, reference
site sediments should be characterized using all three types of measurements. In San Francisco
Bay, however, salinity fluctuations and invasions by exotic species have made it difficult to
routinely characterize benthic communities (Nichols and Thompson, 1985), and this complicates
efforts to make inferences about pollution impacts. Relationships between pollution levels and
benthic community assemblages in San Francisco Bay have recently been the focus of SF Bay
Regidnai Monitoring Program (RMP) pilot studies. Through cooperative efforts, these studies
have included analyses of the reference sites at San Pablo Bay Island #1, Tubbs Island, and
Paradise Cove. The results of these studies are presented in the RMP 1996 report (SFEI, 1997).
That report states that firm conclusions about the condition of the benthos of the Estuary related
to sedimént chemistry cannot be made at this time, but the available data for the three reference
sites indicate possible pollution effects. The San Pablo Bay Island #1 site had higher percentages
of species characteristic of impacted sites, and lower percentages of species characteristic of
unimpacted sites, than were observed in many other sites sampled during the RMP study. This
suggests that the benthic community there may be affected by pollutants. The opposite
indications were found at Paradise Cove, which apparently has a relatively unimpacted benthic
community. The third reference site analyzed, Tubb's Island, was intermediate between the two
in terms of both positive and negative ecological indicators. Of the three RMP sites included in
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Reference Envelope calculations, Pé)int Pinole appeared to have a fnoderately impacted benthic
community, with indicator species distributions similar to Island #1. The benthic fauna of
Horseshoe Bay and San Bruno Shoal appeared to be less impacted. These data, though
prellrmnary, tend to characterize the reference sites as neither pristine nor severely impacted.

1.4 Toxicity Data

Toxicity test results have been used in previous studies to select and evaluate reference sites
(PTI, 1991). However, without knowledge of the causes of sediment toxicity, it may be
inappropriate to base reference site 'selection solely on the results of toxicity tests. Unexplained
toxicity has been described in sites remote from sources of pollution (Long et al., 1990; PTI,
1991), and toxicity due to non-anthropogenic factors may be pdssiblé, though to our knowledge
this has never been demonstrated. If reference sites are selected in advance of the sampling
events in which they will be used for comparison with test sites, it seems reasonable for the
selection process to include available toxicity data along with chemical, ecological, physical, and
geographlcal information. Selection of reference sites based strictly on picking the least toxic
sites from a single sampling event is difficult to justify. ‘

In this study, nine toxicity test protbcols were used in the evaluation of potential reference sites.
Three of thesé protocols were included for specific study objectives, such as é_creening for TIEs
or evaluating the effects of natural factors (Eohaustorius in porewater, thaustorius in intact
cores, and Nebalia). As discussed below, the results from these three tests were variable and of
limited use in reference site evaluation. Results from the other six'proto‘cols (Ampelisca,
Eohaustorius, and Neanthes in homogenized sediment, mussel and sea urchin larvae in pore
water, and sea urchin larvae at the sediment water interface) indicate generally high rates of
survival, growth, or larval development at the reference sites (Figures 9 to 13). There were
exceptions to this trend. Growth rates of the polychaete worms (Neanthes) were between 59%:
and 66% of the control value in samples from the two San Pablo Bay)site‘s collected in Spring of
1995 (Figures 9 and 10, Table 10). The results of Neanthes growth tests did not correlate with
any of the physical or chemical parameters measured, and the cause(s) for this response are not
known. Survival of amphipods was depressed in individual field replicate samples, especially
those from San Pablo Bay reference sites (Table 10). Eohaustorius data from all sites correlated
with arsenic, copper, TOC, and percent clay. However, shifts in grain size-and TOC at the San
Pablo Bay sites did not appear to be related to the occasional observed decreases in survival
(Figures 16 and 17; Appendix A), and there were no chemical analyses conducted on samples
collected in the September 1994 survey, when most of the lower survival results were observed.

For all San Francisco Bay reference site samples, larval development tests in pore water and at
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the sediment water interface produced results similar to those in test controls. In general, the
toxicity test results from reference site samples indicated no severe toxicity, slight to moderate
toxicity in some samples from the two San Pablo Bay sites, and high rates of survival, growth
and normal development at the remaining S.F. Bay sites. These trends are consistent with those
‘from available chemical and ecological data, and indicate that some reference sites may exhibit
moderate toxicity, but as a Bay-wide group they are probably representative of the least impacted
conditions Iikely to be encountered in surveys of San Francisco Bay sediments.

Additional toxicity data from BPTCP screening surveys and RMP sampling were used in
calculating sediment toxicity tolerance limits (see Table 14 and Discussion Section 3, below).
Some of these data were identified as outliers, as will be discussed.

1.5 Tomales Bay and Bolinas Lagoon

Tomales Bay and Bolinas Lagoon were not used in calculations of reference envelope tolerance
limits for San Francisco Bay. These sites may not be representative of San Francisco Bay
sediment conditions (see for example Figure 21), and past and present data indicate the
occurrence of unexplained toxicity at these-sites (Flegal et al., 1994; Long et al., 1990; Table
10). As reference sites identified within San Francisco Bay appeared suitable for comparison
with test sites there, the need for further investigation and use of remote reference sites

diminished.

2.0 EVALUATION OF TOXICITY TESTS

2.1 Tests with the Amphipod Eohaustorius estuarius
Eohaustorius tests conducted according to the standard protocols (ASTM, 1993; USEPA, 1994)
in homogenized solid-phase sediment met all criteria for toxicity test methods appropriate for use
in San Francisco Bay as defined in this study. Control response was acceptable in all trials, the

" test was able to distinguish between sites with Jow and high concentrations of pollutants, there
was low variability among laboratory replicates, and Eohaustorius is euryhaline. .This amphipod
has reasonable tolerance to ammonia and hydrogen sulfide (USEPA, 1994; Knezovich et al.,
1995), and is more tolerant of fine grained sediment than the commonly tested amphipod
Rhepoxynius abronius (USEPA, 1994). In this study, however, Eohaustorius survival
correlated negatively with sediment clay/colloid content, especially in samples from Tomales
Bay, and may be negatively affected by very fine grained sediment.

The Eohaustorius test in pore water had poor control survival and high variability. This test was

not intended to be used to determine sediment toxicity at test sites, however, but rather to
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investigate relationships between toxicity and chemistry through TIEs. The low control survival .
rates in some runs of this test were likely the result of stress to this infaunal organism caused by
exposure to the water-only test conditions for extended periods (10 days). '

The Eohaustorius test in intact cores had poor control survival and high .van'ability. Intact cores
were used in this study for comparison with homogen'ized s'amples to investigate the effects of
sample homogenization. Homogenization of test sediments disrupts chemical equilibria and

* oxidation state, possibly causing artifacts that might influence test results. - In this study,
however, carnivorous annelids much larger than the test amphipods were occasionally observed
in the intact core samples. These predators (and other organisms) are probably destroyed during
the homogenization process, but predation may have had a significant effect on results of intact
core tests. Elimination of interferences from other organisms in intact samples is the current
obstacle to successful use of this exposure system for amphipods. Attempts have been made to
eliminate interfering organisms through freezing and gamma irradiation of intact samples (Day et
al., 1995), and other techniques such as use of microwaves or temporary elimination of
dissolved oxygen may prove effective. Pursuit of these teéhniques would be worthwhile only if
they were shown to be less disruptive than homogenization.

2.2 Tests with the Amphipod Ampelisca abdita

Control acceptability in tests with Ampelisca varied with organism source. While Ampelisca
collected from San Francisco Bay have been tested successfully by other laboratories, tests usixig
these organisms at MPSL resulted in control survival between 80 and 90%, less than the 90%
criterion, despite previous experience with the protocol (> 5 sets of samples tested). Control
survival of greater than 90% was achieved in both tests in which Ampelisca were obtained from
the east coast. The Ampelisca test (ASTM, 1993; USEPA, 1994) distinguished sites having low
and high concentrations of pollutants, demonstrated low variability among laboratory replicates,
and was not affected by fine-grained sediments. This species is moderately tolerant of ammonia
and hydrogen sulfide (USEPA, 1994; Knezovich et al., 1995). Ampelisca have been introduced
to San Francisco Bay, and often occur in extremely high densities (Nichols and Thompson,
1985; SFEI, 1997), but Ampelisca is not as euryhaline as Eohaustorius.

2.3 Tests with the Mussel Mytilus spp.

The Mytilus larval development test in pore water met most test acceptability criteria. Four of
five test series conducted in this study had acceptable control response. Unfortunately, the test
series with unacceptable control response contained the Islais Creek and Castro Cove samples,

so this evaluation of test sensitivity could not be made. This test is known to be sensitive to a
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number of toxicants, however (e.g., Martin et al., 1981). Mytilus are more tolerant of estuarine
salinities than are sea urchiné, allowing their use in unadjusted pore water samples from a
potentially larger portion of Bay sites, especially in site-specific studies. Salinity adjustment was
often necessary in this study, however, because of the desire to test all samples from a given
-survey at the same salinity. Since salinity adjustment with brine involves different levels of
sample dilution depénding on original salinity, the results of porewater tests were often not
directly comparable between sites. Mytilus is native to San Francisco Bay. The larvae are
sensitive to hydrogen sulfide (Knezovich et al., 1995) and ammonia, which makes mussel test
results difficult to interpret when these compounds are present at moderate concentrations.

2.4 Tests with the Sea Urchin Strongylocentrotus purpuratus
Sea urchin tests in pore water and at the sediment-water interface (SWI) had acceptable control
fespbnse in all trials and low variability among laboratory replicates. While the two tests were
strongly affected by samples from Islais Creek, hydrogen sulfide concentrations in those samples
were sufficient to cause the observed result. However, TIEs demonstrated that this species was
sensitive to Islais Creek samples even after ammonia and hydrogen sulfide concentrations were
reduced to non-toxic levels (Hansen, 1996). Samples from Castro Cove were not toxic to the
“sea urchins. Tests with this species have been shown to be sensitive to a variety of toxicants
(Bay et al., 1993). Many estuarine samples require salinity adjustment for pore water testing
with Strongylocentrotus, which is a marine spécies. Since salinity adjustment with brine
involves different levels of sample dilution depending on original salinity, the results of
porewater tests were often not directly comparable between sites. Sea urchin larvae are sensitive
to ammonia (Bay et al., 1993) and hydrogen sulfide (Knezovich et al., 1995). These chemicals
can be accurately measured (Phillips et al., 1997) and removed from samples prior to testing, but
selective removal is not always practical in survey studies, and other chemicals may be removed
in the process. The sea urchin test did not appear to be affected by grain size, since larvae were

not exposed to particles directly.

2.5 Sediment-Water Interface (SWI) Tests

Testing embryo/larval stages at the sediment-water interface offered some advantages over
porewater testing. SWI tests were conducted on solid-phase samples with less than marine
salinity because 33%¢ overlying water was used. The salinity range for the SWI method has not
been firmly established, but it probably could be used on samples from throughout the Bay.
Salinity adjustment was uniform for all samples, because overlying water from the same source
was used for all samples regardless of original sample salinity. This allowed direct comparability
of results from different sites. Use of SWI exposure systems decreased the effects of ammonia
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and hydrogen sulfide relative to porewater exposures (Table 12). This system may not be as -
protective of sensitive interstitial organisms, since chemical concentrations may be higher in
sediment porewater than at the interface. It is likely, however, that SWI tests provide a more
realistic sediment exposure for the developing echinoderm and bivalvé embryos used in this
sfudy; they do not naturally occur in porewater, but are Very likely to undergo some embryo
development in contact with the sediment surface (Anderson et al., 1996).

2.6 Tests with the Polychaete Worm Neanthes arenaceodentata '

The Neanthes test met control acceptability requirements in two of three sets of tests. Neanthes
survival was significantly negatively correlated with the percentage of fine-grained sediment at
the reference sites. While previous studies relating Neanthes growth and survival to sediment
grain size have indicated a broad tolerance to sediments composed of 5 to 100% sand (Dillon et
al., 1993), many of the reference sites had very fine grained material (Figures 16 to 23), perhaps
beyon'd‘ the range previously described. Neanthes has been shown to be tolerant of high
ammonia and hydrogen sulfide concentrations (Dillon et al., 1993), and was not affected by
sediments with high concentrations of these compounds in this study:(e.g.. Islais Creek, Figure
26). The Néamhes test can be conducted at salinities as low as 20%o (Dillon et al., 1993),
allowihg its use on sediments from throughout much of the estuary. Previous data suggest that
the Neanthes test is less sensitive to a variety of toxicants and sediments than are the tests
discussed above (Reish and Gerlinger, 1984; Anderson et al., 1998). In thé present study, the
Neanthes test made no distinctions between suspected polluted sites (Islais Creek and Castro
Cove) and reference sites (Figure 26). High concentrations of ammom'é and sulfide may have
been responsible for Islais Creek sample toxicity in tests with some other species, but
preliminary toxicity identification evaluations (TIEs) indicated that other chemicals were present
in concentrations toxic at least to sea urchins (Hansen, 1996). The Neanthes test was apparently
insensitive to ammonia, hydrogen sulfide, and other toxins in this sample. This relative
insensitivity makes the test less useful in identifying sediments capable of producing biological
effects, but could be advantageous at heavily polluted sites where high ammonia and sulfide

concentrations preclude the use of other protocols.

2.7 Tests with the Leptostracan Crustacean Nebalia pugetensis

The Leptostracan crustacean Nebalia pugetensis was used in 10-day solid phase sediment tests
because initial experiments indicated a high level of tolerance to hydrogen sulfide. Control
survival failed to meet acceptability criteria in two of three tests, due primarily to poor organism
condition at test initiation. It is likely that continuing effort could result in an adequate supply of
acceptable test organisms, but this effort would have to be warranted by a demonstrated
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advantage to using this test. The Nebalia test did not respond to the Castro Cove or Islais Creek
sediments, validating its tolerance to ammonia and sulfide, but calling into question whether the
test is sensitive enough to be useful in identifying problem sites. No further program effort is

planned for test development with this species.

2.8 Correlations Between Sediment Chemistry and Test Results

Results of tests with Eohaustorius and sea urchins correlated significantly with contaminant
concentrations at reference sites (Table 13). However, the biological significance of these
correlations must be limited because of the generally low toxic response observed and the
generally low concentrations of measured chemicals. Of the tests conducted, the Eohaustorius
pore water test had the greatest variation in response, providing greatest resolution to allow
statistically significant correlations. It is also possible that amphipod stress in water-only

exposures increased sensitivity to the low concentrations of measured contaminants in correlation

analyses.

Sea urchin and Eokiaustorius test data also correlated with concentrations of total organic carbon
(TOC). This result was similar to that observed in San Francisco Bay samples by Flegal et al.
(1994). Many trace metals and non-polar organic compounds have an affinity for suspended and
dissolved organic carbon, and TOC concentrations often covary with concentrations of a number
of contaminants. Therefore, in large and diverse data sets, TOC often remains the last factor
significantly correlated with toxicity, because it is present at all sites, while toxic covariants

change from site to site.

The key to understanding relationships between sediment chemistry and toxicity is
bioavailability. As in most sediment assessments, bulk'sediments, rather than pore water, were
analyzed chemically-in this study, éllowing greater uncertainty regarding partitioning and
bioavailability of contaminants. Concentrations of acid volatile sulfide (AVS) were not
measured, though AVS has been useful in interpreting relationships between toxicity and

concentrations of some cationic metals in anaerobic sediments.
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3.0 REFERENCE ENVELOPE TOLERANCE LIMITS FOR SEDIMENT TOXICITY

3.1 Statistical Analysis in Support of Program Goals .
Monitoring and assessment data are generally collected and analyzed to provide information
necessary for resource mahagement, with the selection of study designsiand statistical analyses
based on program objectives. One of the primary objectives of the Bay Protection and Toxic
Cleanup Program (BPTCP) is to identify and prioritize toxic hot spots, localized areas where
pollution impacts are greater than in surrounding water bodies. To accomplish this objective in
San Francisco Bay, the program has sought to characterize potential hot spot sites, to characterize
the optimal ambient condition of the surroundmg water body, and to develop a statistical
approach to determine whether conditions at test sites are significantly worse than those expected -
in less affected areas of the Bay. Using reference site toxicity data to characterize opnmal
ambient conditions in the San Francisco Bay, we have investigated the use of Reference
Envelope tolerance limits to determine which test sites were significantly more toxic than
expected of Bay reference conditions. The tolerance limits based solely.on reference site data
“were used as a relative standard against which to compare the mean toxicity test result from test
samples. The mechanics of this approach are described in Methods Section (10.4). |

This approach is distinct from those used for other monitoring objectives. For many objectives,
such as determining the general state of an entire water body, or to simply determine whether a -
test sediment will have an adverse effect on test organisms, sample toxicity test results can be
compared to those from control sediments using simple t-tests or other standard statistical
methods (e.g., Schimmel et al., 1994). These tests often consider only the variance among
laboratofy replicates in determining the statistical significance of differences between samples and
controls. The reference envelope method considers variance from all factors that might affect test
results, including anything affecting differences among sites and among sampling events. If ' '
reference sites can be assumed to be free of anthropogenic chemicals at concentrations affecting
test results, then any difference between test sites and reference sites detected by this approach
should be due to pollution effects at test sites. For this reason, selection and evaluation of

reference sites is critical to the usefulness of the Reference Envelope approach.

3.2 Evaluation of Factors Affecting Tolerance Limit Calculations

Tolerance limits varied widely depending on the toxicity test protocol, lhe tolerance limit "p"
value, the mean and variance in the reference site data set, the distribution of variance (among
space, time, interaction and replic_afe components), the exclusion of outliers, and the number of
data points (n) included in the andlysis (Figures 27 through 39). Many‘of these factors are

interconnected, as in cases where certain protocols produced more highly variable data and lower
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mean response. The effects of various data characteristics on resulting tolerance limits are-

- considered in Results Section 4.

3.3 Constraints on Application of the Reference Envelope

Data from some toxicity test protocols used in this study produced tolerance limits that were
either too low or too high to be considered useful. In cases of extremely high variance, negative
values were generated for some tolerance limits (e.g., Figure 30), meaning that no possible test
result could be considered significantly toxic. Applying such tolerance limits in support of
man'agement decisions is clearly inappropriate. In the case of Figure 30, the test protocol was
not intended for monitoring applications (and was likely affected by the presence of predators in
the intact cores), and the resulting tolerance limits should be disregarded on that basis. Similarly
unacceptable tolerance limits could be produced in water bodies lacking unpolluted conditions,

. where any possible "reference sites” would produce samples causing toxic effects on test
organisms. A water body that is uniformly toxic should not be considered free of toxic hot spots
based on misapplication of the Reference Envelope approach.

Ih cases where tolerance limits are very high (such as in Figure 33'), it is possible that statistically
- significant distinctions could be made where there is little reason to believe biologically
significant differences exist. A tolerance limit of 95% of the control is indicative of low
variability in response among reference sites, but may be too high to be useful in identifying
toxic sites. In such cases, the "detectable difference" specific to the test protocol is a reasonable
alternative standard for identifying sample toxicity (Thursby et al., 1997). This detectable
difference is the difference from the control that a given protocol is capable of detecting as
statistically significant in 90% of the samples tested. Thursby et al. (1997) identify a value of
80% of the control as the detectable difference for the Ampelisca test, and similar values have
been derived for BPTCP test data. Current BPTCP detectable difference (90th percentile MSD)
~ values for some tests used in the BPTCP include: 75% of control for Eohaustorius, 77% of
control for Rhepoxynius, 78% of control for sea urchin embryo/larval development, 59% of
control for sea urchin embryo/larval development in SWI exposures, 80% of control for mussel
embryo/larval development, 64% of control for Neanthes survival, and 44% of control for
Neanthes growth and 90% of control for abalone embryo/larval development (MPSL data for
data sets ranging from 109 to 720 sediment tests, depending on protocol). |

The number of reference site data points is a major factor affecting the tolerance limit calculation.
For studies with a single source of variance, such as for a number of sites sampled at a single

" n

‘time, examination of the Reference Envelope "g" statistic indicates that a minimum of six
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reference site data points is probably necessary for calculation of reasonable tolerance limits.
However, tolerance limits based on less than 20 reference site samples should be considered with
caution, since smaller data sets result in increasingly lower tolerance limits. For tolerance limits
calculated from data sets with multiple sources of variation, such as multiple sites sampled over
multiple times, as is often the case, the tolerance limit calculations depend on bootstrapping
techniques, and it would be difficult to estimate the minimum number of reference site samples
necessary for calculation of reasonable tolerance limits. The tolerance limits in the present study
were calculated for data sets with from 6 to 60 sarhples (Eohaustorius in intact cores and in
homogenized sediment, respectively; Figures 30 and 29).

3.4 Treatment of QOutliers

Variation among reference site results is another méjor factor affecting tolerance limit values, and
this can be strongly influenced by the presence or removal of outliers in the data set (Figure 34a,
b, and c¢). Sediment toxicity has been observed in many studies where concentrations of
measured chemicals were low relative to known toxic concentrations (e.g. Long et al., 1990;
USEPA, 19_86), and low test results from reference sites were observed in the BPTCP screening
surveys included here, especially in sea urchin pore water tests. These outliers were identified
using a conservative technique for extreme outliers (Tukey, 1997; Methods Section 10.4.4). In
some cases, determination of appropriate tolerance limits rhay depend on outlier removal. A test
site that produced a low toxicity test value would not likely be identified as a hot spot on the basis
of a single measurement, and subsequent non-toxit results would gener‘a‘lly‘establish the single
low value as an outlier, reducing regulatory concern for that site. Similar removal of outliers
from the reference population is probably necessary to adequately characterize reference site
conditions and allow calculation of reasonable tolerance limits.

3.5 Selection of Reference Enve]obe p" Values.

The Reference Envelope "p”" value determines what percentile of the reference distribution is
désignated as unacceptably toxic. A "p" value of 10 establishes the tolerance limit such that there
is 95% certainty that a value lower than the tolerance limit would be in (or below) the most toxic
10% of samples collected from the water body that was characterized by the reference sites. An
advantage of the Reference Envelope approach is that resource managers may select the percentile
considered unacceptable for a given assessment situation. Selection of the "p" value should be
based on the overall level of polluti.on in the entire water body, on the degree of certainty that
available reference sites adequately characterize optimal conditions éxisting in the water body,
and on the social impacts of decisions regarding site characterization. If the entire water body is

known to be affected by anthropogenic chemicals, the extreme situation would be to designate
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the entire water body for management attention. This clearly would not require statistical
z[na]ysis. The less extreme case would be to use a high "p" value, such that the most toxic 20%
or more would be considered worthy of regulation. In the opposite case, where the water body

is generally very free from pollution, a low “p" value (such as 1) would be appropriate to identify .

only the very few sites where pollution impacts may be worth investigating.

If reference conditions are well characterized, with numerous reference sites sampled under a
variety of conditions, then there will be more confidence that the "p" value chosen will allow
accurate discrimination at the chosen level of concern. If there is greater uncertainty regarding
reference conditions, "p" values may have to be adjusted up or down, depending on the
environmental or economic consequences of mistakenly characterizing test sites. If the water
body contained critical habitat for endangered spécies, for example, and reference sites were
poorly characterized, managers might choose to investigate a greater number of sites (higher "p"
value) then would be necessary if more were known about optimal water body conditions. On
‘the other hand, if social costs for investigation, litigation, and/or cleanup of designated sites were

very high, uncertainty about optimal ambient conditions might warrant adjusting "p" values

down to limit the number of sites considered.

While considering all of these factors in the designation of a component of a statistical test ("p")
may seem unusual. it is no more subjective than selecting the sample size, level of replication,
and alpha values that determine the results of more commonly used statistical tests. In the
Reference Envelope calculation, however, this decision can be made deliberately, based on
program objectives. rather than left unintentionally to statistical convention or logistical

constraints.
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BPTCP Sampling Datcs, and Location

GISLONG

STANUM  STATION . . 1DORG DATE LEG LATITUDE LONGITUDE GISLAT
200080 BOLINAS-AUDUBON CYN-REP 1 11228 4/25/94 3 37.55.42N 122.40.5TW 3792842300 122.68259999 .
200080  BOLINAS-AUDUBON CYN.-REP 2 1229 4/25/94 31 37.55,41IN 122.40,57TW 37.92814500 122.68259999
20008.0 BOLINAS-AUDUBON CYN.-REP 3 1230 4/25/94 31 37,55,40N 122,40,57TW 37.92786667 122.68259999
200050  PARADISE COVE-REP | 1219 4125194 31 37,53,93N 122,27 86W 37.89883300 122.46433300
20005.0 PARADISE COVE-REP 2 1220 4/25194 31 37.53,95N 122.27,85W 37.89916700 122.46416700
20005.0 PARADISE COVE-REP 3 1221 4/25/94 N 37,54,0IN 122.2791W 37.90016700 122.46516700
20009.0 TOMALES BAY-MARCONI COVE-REP 1 123 426/94 R3] 38,08,35N 122,52,4TW 38.1391670D 122.87450000
20009.0 TOMALES BAY-MARCONI COVE-REP 2 1232 4/26/94 31 38,08,36N 122,52,48W 38.13933300 122.87466700
20009.0 TOMAILES BAY-MARCONI COVE-REP 3 1233 4/26/94 3t .38.08,40N 122,52,46W 38.14000000 '122.87433300
20006.0 SAN PABLOBAY-TUBBSIS.- REP 1 1222 4/26/94 31 38,06, 87N 122,25,18W 38.11450000 122.41966700
20006.0  SAN PABLOBAY-TUBBS IS.- REP 2 1223 4/26/94 . 3 38.06,87N 122.25,16W 38.11450000 122.41933300
20006.0  SAN PABLO BAY-TUBBS IS.- REP 3 1224 4/26/94 31 38,06.87N 122,25.12W 38.11450000 122.41666700
200070  SAN PABLO BAY-ISLAND #1-REP 1 1225 4/27/94 31 18.06,66N 122.19.71W 38.11100000 122.32850000
20007.0  SAN PABLO BAY-ISLAND #1-REP 2 1226 4/27/94 31 38.06.72N 1219w 38.11200000 122.32850000
20007.0 SAN PABLO BAY-ISLAND #1-REP 3 1227 4/2794 21 38.06.73N 122.19.7TW 38.11216700 122.32950000
200090 TOMALES BAY-MARCONI COVE-REP 1 1407 2694 35 38.08.37N 122.52,42W 38.13950000 = 122.87366667
200000 TOMALES BAY-MARCONI COVE-REDP 2 1408 - 96194 iS5 38.08.36N 122.52.46W 38.13933333 122.87433333
200090  TOMALES BAY-MARCON] COVE-REP 3 1409 9/6/94 Kh] 38.08.35N 122.52.40W 38.13916667 122.87333333
20011.0  ISLAIS CREEK 1411 9/6/94 35 37.44.90N 122.23.51W 37.74833333 122.39183333
20005.0 PARADISE COVE-REP 1 1398 977194 35 37,53.94N 122,27.82W 37.89900000 122.46366667
200050 PARADISE COVE-REP 2 1399 971194 a5 37539 12227 87TW 17.89950000 122.46450000
200050 PARADISE COVE-RFP 3 1400 971194 35 37,54,00N 122,27,92W 37.90000000 122.46533333
20007.0  SAN PABLO BAY-ISLAND #1-REP 1 1404 971194 35 38,06,66N 122,19.71W 38.11100000 122.32850000
200070  SAN PABLO BAY-ISLAND #1-REP 2 1405 97194 35 38,06,69N 122,19NW 38.11150000 122.32850000
200070  SAN PABLO BAY-ISLAND #1-REP 3 1406 97194 35 38,06,7IN 122.19.75W 38.11183333 122.32916667
20006.0  SAN PABLO BAY-TUBBS IS.-REP | 1401 9/8/94 35 38,06,82N 122,25,16W 38.11366667 122.41933333
20006.0  SAN PARLO BAY-TUBBS IS.-REP 2 1402 9/8/94 35 38.06,87TN 122,25,16W 38.11450000 122.41933333
200060  SAN PABLLO BAY-TUBBS IS.-REP 3 1403 9/8/94 35 38,06,82N 122,25,19W 38.11366667 122.41983333
200100 CASTRO CQVE-EVSO4 1410 9/8/94 35 37,57,26N 122,24,09W 37.95433333 122.40150000
200050  PARADISE COVE-REP 1 1461 3/6/95 37. 37,5393IN 122.27.818W . 37.89885000 122.46363333
200050  PARADISE COVE-REP 2 1462 3/6/95 37 37.53.89IN 12227 841W 37.89818333 122.46401667
200050 PARADISE COVE-REP 2 1463 36195 37 17.53.978N 122.27.912W 37.89963333 122.46620000
200130 N. SOUTH BAY REF.-REP 1 1472 2i6/95 37 37,34.296N 122,08.990W 37.57160000 122.14983333
200130  N. SOUTH BAY REF.-RE i 1473 3/6/95 7 37.34,270N 122,08,934W 17.57116667 - 122.14890000
200130 N. SOUTHLBAY REF.-REP 3 - - . - 1474 - 3/6/95 a7 37.34.239N 12208983 W 37.570650:00 122.14971667
200120 TREASURE ISLAND-CLIPPER COVE - 1471 371195 37 3748862N 122.21 858W 37.81436667 122.36430000
20014.0 S SOUTH BAY REF.-REP 1 1475 77195 37 3T32.153N T 122.07.139W 37.53588333 122.11898333
200140 S SOUTH BAY REF-REP 2 1476 3/7/95 37 3732.183N 12207.161W 37.53638233 - 122.11935000
200140 5 SOUTH BAY REFREP 3 1477 705 17 A7.32.193N 122.07.169W 37.52655000 122.11948322
20009.0  TOMALES BAY-MARCONI COVE-REP 2 1470 /895 7 18.08.364N 122.52.478W 38.13940000 122.87463333
200060 SAN PABLOBAY-TUBBS IS.-REP 1 1467 4/4/95 37 38.06.869N 122.25.134W 38.11448333 122.41890000
200060 SAN PABLO BAY-TUBRBS IS.-REP 2 1468 4/495 7 18.06.834N 122,25.172W 38.11390000 122.41953333
20006.0  SAN PABLO BAY-TUBBS IS.-REP 3 1469 . 4/4/95 37 38,06, 839N 122.25.089W 38.11398333 122.41815000
20070 SAN PABLO BAY-ISLAND #1-RED 1 1464 4495 17 18.06.726N 122.19.700W 3811210000 122.32833332
200070 SAN PARLO BAY-ISLAND #1-REP 2 1465 4498 37 38.06,7T0N 122.19.704W 38.11283333 122.22840000
200070 SAN PABLO BAY-ISLAND #1-REP 3 1466 414795 17 38.06.807N 122,19.699W 38.11345000 122.3283 1667




Section 11

Grain Size and Total Organic Carbon



San Francisco Reference Site Study Grain SizeData

COARSE MEDFINE COARSE MEDFINE

20014.0

STANUM IDORG LEG TYPE CLAY/ %FINES %DEBRIS TOC
SAND SAND SILT . SILT COLLOID
20005.0 1219 -31 SAM 0.85 7.01 8.53 54.48 29.13 92,14 0.00 113
20005.0 1220 31 FR 0.7 8.27 8.04 53.60 29.38 91.02 0.00 1.09
20005.0 1221 31 FR 0.22 5.06 8.18 54.00 32.54 94.72 0.14 113
20006.0 1222 31 SAM 0.22 027 5.44 55.36 3871 99.51 000 143
20006.0 1223 31 FR 0.16 031 4.54 47.55 47.44 99.53 0.00 136
20006.0 1224 31 FR 0.17 0.54 3.93 4229 53.06 99.29 0.07 135
20007.0 1225 31 SAM 0.00 1.00 6.99 62.41 2960 . 99.00 027 086
20007.0 1226 31 R 0.00 1.20 7.14 60.53 3113 98.80 0.27 1.0
20007.0 1227 31 FR 0.00 0.81 4.76 62.32 32.11 99.19 0.23 1.03
20008.0 1228 31 SAM 0.34 40.18 6.00 35.03 18.45 §9.48 0.00 126
20008.0 1229 31 FR 0.65 27.53 12.40 40,28 19.13 71.81 0.20 1.85
20008.0 1230 31 R 2.69 38.19 4.81 39.00 15.30 $9.12 0.11 126
20009.0 1231 31 SAM 0.17 073 - 135 29.26 68.49 99.10 0.10 239
20009.0 1232 3t FR 0.18 064 0.67 34.74 6377 9918 0.08 223
20009.0 1233 31 FR 0.09 0.24 067 39.81 59.19 99.67 0.14 223
20005.0 1398 35 SAM 0.17 447 8.29 60.97 26.09 95.35 0.00 124
20005.0 1399 35 FR 0.14 3.78 7.69 4827 40,12 96.08 0.00 116
. 20005.0 1400 35 FR 0.36 343 9.60 51.94 34.66 96.21 0.00 1.23
20006.0 1401 35 SAM’ 0.27 0.48 1.55 64.50 33.20 99.25 000 . 137
20006.0 1402 35 FR 0.16 0.32 316 64.82 31.53 99.51 0.00 1.47
20006.0 1403 35 FR 0.90 0.37 7.72 57.67 . 3334 98.73 0.00 1.40
20007.0 1404 35 SAM 0.68 1.33 6.74 66.20 25.06 97.99 0.00 098
20007.0 1405 35 FR 0.57 0.81 6.20 66.83 25.59 98.62 0.00 0.95
20007.0 1406 35 FR 0.94 132 7.61 60.17 29.96 97.73 0.00 1.03
20009.0 1407 35 SAM 0.25 0.74 6.78 68.55 23.69 99.01 0.00 234
20009.0 1408 35 FR 1.03 0.59 1.03 . 61.58 35.76 98.38 0.00 | 231
20009.0. 1409 35 FR 0.46 2.22 172 65.95 29.65 97.32 0.00 231
20010.0 1410 35 SAM 0.70 2.08 5.84 56.92 34.46 -97.22 0.00 1.43
20011.0 1411 35 SAM 113 6.15 6.89 66.54 19.29 92.72 0.00 a3
20005.0 1461 37 SAM 0.23 4:72 342 54.88 36.75 95.05 0.31
20005.0 1462 37 FR 0.16 4.24 10.79 46.51 3829 - 9559 0.0 1.08
20005.0 1463 37 FR 0.20 6.66 10.89 50.26 1.9 93.14 0.01 0.96
20007.0 1464 37 SAM 0.09 0.37 5.48 76.43 17.62 99.53 0.00
20007.0 1465 37 R 0.08 0.46 500 80.34 14.12 99.46 0.00 0.74
20007.0 1466 17 FR 0.08 0.37 6.98 71.07 21.51 99.56 0.00 1.06
20006.0 1467 37 SAM 0.19 0.38 2.56 §4.35 42.52 99.43 0.03
20006.0 1468 37 FR 0.40 0.71 0.00 37178 “61.11 98.89 0.13 1.37
.20006.0 1469 37 FR 0.24 0.83 1.24 66.58 L .98.93 0.00 1.44
20009.0 1470 37 SAM 1.13 0.79 0.00 36.03 62.05 98.08 0.68 2.24
20012.0 1471 37 SAM . 1.36 31.22 217 43.03 22.22 67.42 0.05 1.10
20013.0 1472 37 SAM 0.81 8.22 1.99 67.87 21.11 90.97 0.04 1.30
20013.0 1473 37 FR 0.71 9.69 6.71 58.25 24.64 89.60 0.04 1.26
20013.0 1474 37 FR 1.47 10.88 3.62 64.51 19.52 87.65 0.00 1.21
20014.0 1475 37 SAM 0.57 17.90 8.46 54.38 18.69 81.53 0.05 0.92
20014.0 1476 17 FR 0.60 1.1 9.35 55.34 17.59 82.28 0.13 0.88
1477 37 FR 0.67 18.33 10.76 55.34. 14.90 81.00 0.09 0.86



Section l!l

Trace Metal Concentrations



Trace Metal Analysis (ppm-ug/g)

STANUM STATION IDORG DATE LEG TMMOIST ALUMINUM  ANTIMONY ARSENIC CADMIUM  CHROMIUM  COPPER

20008.0  BOLINAS-AUDUBON CYN.-REP 1 1228 412594 31 9.0 9.00 9.000 - -9.000 -9.0000 -9.000 900
200080  BOLINAS-AUDUBON CYN.-REP 2 1229 425M4 31 - 90 9.00 -9.000 " 9.000 9.0000 -9.000 900
200080  BOLINAS-AUDUBON CYN.-REP 3 1220 42504 31 9.0 9.00 -9.000 -9.000 -9.0000 -9.000 9.00
200050  PARADISE COVE-REP 1 1219 anse4 3t 61.4 52300.00 1440 12.000 0.2680 238.000 56.50
200050  PARADISE COVE-REP 2 1220 472594 31 61.0 56800.00 1.100 11.000 0.2050 219.000 . 50.40
20005.0 PARADISE COVE-REP 3 1221 42594 3% 68.4 52500.00 1.260 8.500 0.2000 222.000 50.10
200090 TOMALES BAY-MARCONI COVE-REP 1 1231 472694 31 9.0 9.00 9,000 -9.000 -9.0000 9,000 9.00
200090 TOMALES BAY-MARCONI COVE-REP 2 1232 4694 31 9.0 9.00 © 29000 9.000 9.0000 9000 - . 900
200090  TOMALES BAY-MARCONI COVE-REP 3 1233 a46/94 3 90 © 900 9.000 -9.000 -9.0000 -9.000 -9.00
200060 SAN PABLO BAY-TUBBS IS.- REP | 1222 42694 31 66.7, © 68600.00 1740 11.000 0.1970 207000 6590
200060 SAN PABLO BAY-TUBBS IS.- REP 2 1222 426/94 31 64.7 57600.00 1.710 8.700 0.1950 195.000 . 60.60
200060  SAN PABLO BAY-TUBBS IS.- REP 3 To1224  aneds  3i 64.8 57400.00 1.380 6.900 0.2060 198.000 58.80
20007.0  SAN PABLO BAY-ISLAND #1-REP 1 1225 42194 3 479 51500.00 1.200 14.000 0.2430 194.000 49.80
200070  SAN PABLO BAY-ISLAND #1-REP 2 1226 4794 31 50.5 52600.00 1.520 13.000 0.2500 202.000 52.80
200070  SAN PABLO BAY-ISLAND #1-REP 3 1227 4194 31 49.5 57600.00 1650 14.000 0.2630 195.000 54.40
200090  TOMALES BAY-MARCONI COVE-REP 1 1407 9/6/94 35 9.0 900 - 9.000 9.000 9.0000 -9.000 9.00
20009.0 TOMALES BAY-MARCONI COVE-REP2 - 1908 9/6/94 35 9.0 9.00. 9.000 . -9.000 _-9.0000 9000 _ 900
200090  TOMALES BAY-MARCONI COVE-REP 3 1409 9/6/94 35 9.0 900 -9.000 -9.000 -9.0000 -9.000 900
20011.0  ISLAIS CREEK 1411 9/6/94 35 9.0 9.00 9.000 9.000 -9.0000 9000 .00
200050 PARADISE COVE-REP 1 1398 9/7/94 35 9.0 9.00 9.000 -9.000 -9.0000 -9.000, 9.00
200050 PARADISE COVE-REP 2 1399 9794 35 9.0 9.00 -9.000 -9.000 -9.0000 9.000 9.00
20005.0 PARADISE COVE-REP 3 ' 1400 97794 35 9.0 9.00 9.000 -9.000 -9.0000 9.000 9.00
200070  SAN PABLO BAY-ISLAND #1-REP 1 1404 97794 35 9.0 9.00 -9.000 9.000 -9.0000 . -9.000 9.00
200070  SAN PABLO BAY-ISLAND #1-REP 2 1405 97794 35 90 900 - -9.000 -9.000 -9.0000 9.000 900
200070  SAN PABLO BAY-ISLAND #1-REP 3 1406 97794 35 90 9.00 9000 - - -9.000 -9.0000 9.000 9.00
200060 SAN PABLO BAY-TUBBS IS-REP 1 1401 9/8/94 35 90 ) 9.00 -9.000 9.000 - 90000 - 9,000 9.00
200060 SAN PABLO BAY-TUBBS IS.-REP 2 1402 9/894 35 90 9.00 9,000 9.000 -9.0000 -9.000 -9.00
200060  SAN PABLO BAY-TUBBS IS.-REP 3 1403 9/8/94 35 9.0 9.00 -9.000 -9.000 -9.0000 -9.000 9.00
200100 CASTRO COVE-EVSO4 1410 9/8/94 35 90 9.00 9.000 -9.000 -9.0000 -9.000 -9.00
200050 PARADISE COVE-REP 1 1461 3695 37 55.1 76300.00 0.966 11.000 0.2010 196.000 47.20
200050 PARADISE COVE-REP 2 1462 3695 37 9.0 . -9.00 -9.000 9.000 -9.0000 9000 9.00
200050 PARADISE COVE-REP 3 1463 3695 37 90 9.00 9,000 -9.000 -9.0000 9.000 -9.00
20013.0  N. SOUTH BAY REF.-REP 1 1472 30695 37 56.7 59600.00 0.859 7.220 0.1500 181.000 . 39.90
200120  N.SOUTHBAY REF-REP2 | : 1473 3695 37 569 . 64200.00 0.981_ 6.090 - -0.1840 186.000 38.90
200120 N. SOUTH BAY REF.-REP 3 1474 306095 37 -55.3 70000.00 - 0.881 6.490 0.2320 193.000 37.80
200120 TREASURE ISLAND-CLIPPER COVE 47 795 37 90 : 9.00 9.000 9000  -9.0000 -9.000 9.00
200140 S, SOUTH BAY REF.-REP 1 1475 3795 37 495 9200000 . - 0641 8.540 0.1270 212.000 23.70
200140 S, SOUTH BAY REF.-REP 2 1476 3795 37 46.4 69000.00 0.623 8.780 0.1520 213.000 1210
200140 S SOUTH BAY REF.-REP 3 1477 3795 37 459 78100.00 0.659 9.110 0.1440 206.000 3330
206069 TOMALES BAY-MARCONI COVE-REP 2 1470 895 37 9.0 9.00 -9.000 9.000 -9.0000 -9.000 9.00
20006.0  SAN PABLO BAY-TUBBS IS.-REP 1 1467 4495 37 62.0 83700.00 1.120 9.580 0.2810 209.000 65.80
200060  SAN PABLO BAY-TUBBS IS.-REP 2 1468 4395 37 90 9.00 9.000 -9.000 -9.0000 9.000 900
200060 SAN PABLO BAY-TUBBS IS.-REP 3 1469 4495 37 9.0 9.00 9.000 9.000 -9.0000 9.000 .00
200070 SAN PABLO BAY-ISLAND #1-REP 1 1464 4495 37 485 93500.00 0.980 12.700 0.2370 181.000 46.00
200070 SAN PABLO BAY-ISLAND #1-REP 2 1465 4495 37 90 9.00 9,000 9.000 9.0000 9.000 .00

20007.0  SAN PABLO BAY-ISLAND #1-REP 3 1466 4495 37 -9.0 -9.00 -9.000 -9.0600 -9.0000 -9.000 -9.00



Trace Metal Analysis (bpm-uglg) (con't)

STANUM STATION IDORG DATE LEG IRON LEAD MANGANESE MERCURY NICKEL SILVER SELENIUM TIN - ZINC
20008.0  BOLINAS-AUDUBON CYN.-REP 1 1228  4/25/94 31 9.0 -9.600 - -9.00 -9.0000 -9.000 -9.0000 9000  -9.0000 -9.0000
20008.0  BOLINAS-AUDUBON CYN.-REP 2 1229 4/25/94 31 9.0 -9.000 -9.00 90000 . -9.000 -9.0000 -9.000 -9.0000 -9.0000
20008.0  BOLINAS-AUDUBON CYN.-REP 3 1230 4/25/94 21 9.0 -9.000 9.00 -9.0000 -9.000 -9.0000 -9.000 -9.0000 -9.0000
20005.0  PARADISE COVE-REP 1 1219 4/25/94 31 47900.0 25.200 523.00 0.3510 107.000 0.3300 0.250 3.6500 154.0000
20005.0  PARADISE COVE-REP 2 1220 4/25/94 31 43300.0 21.500 519.00 0.2640 93.000 0.2720 0.220 29500 137.0000
200050  PARADISE COVE-REP 3 . 1221 4/25/94 21 499000 20.800 664.00 0.2470 104.000 0.3470 -8.000 25900 137.0000
20009.0 TOMALES BAY-MARCONI COVE-REP 1 1231 4/26/94 31 9.0 -9.000 -9.00 -9.0000 -9.000 <9.0000 -9.000 -9.0000 -9.0000
20009.0  TOMALES BAY-MARCONI COVE-REP 2 1232 4/26/94 31 9.0 -9.000 -9.00 -9.0000 -9.000 -9.0000 -9.000 -9.0000 -9.0000
20009.0  TOMALES BAY-MARCONI COVE-REP 3 1233 4/26/94 31 9.0 -9.000 900 - -9.0000 -9.000 -9.0000 -9.000 -9.0000 -9.0000
20006.0 SAN PABLOBAY-TUBBS IS.- REP 1 1222 4/26/94 21 541000 28.900 948.00 0.2190 123.000 0.2720 0.230 3.4200 180.0000
20006.0  SAN PABLO BAY-TUBBS IS.- REP 2 1223 4/26/94 131 51000.0 26.500 863.00 0.2680 113.000 0.2500 -8.000 29700 163.0000
20006.0  SAN PABLOBAY-TUBBS IS.- REP 3 1224 412694 31 52500.0 26.000 861.00 0.2890 117.000 0.2630 -8.000 3.0200 156.0000
20007.0  SAN PABLO BAY-ISLLAND #1-REP 1 1225 4/27/94 31 46000.0 22.300 655.00 0.2510 73.000 0.2270 -8.000 2.4000 141.0000
20007.0  SAN PABLO BAY-ISLAND #1-REP 2 1226  4/27/94 21 45600.0 24.300 701.00 - 0.2690 76.000 0.2640 -8.000 23300 151.0000
20007.0  SAN PABLO BAY-ISLLAND #1-REP 3 T 1227 4127194 31 45800.0 25.600 645.00 0.2580 73.000 0.2660 -8.000 2.0600 146.6000
20009.0  TOMALES BAY-MARCONI COVE-REP 1 1407 9/6/94 35 -9.0 -9.000 -9.00 -9.0000 -9.000 -9.0000 -9.000 -9.0000 -9.0000
200090 TOMALES BAY-MARCONI COVE-REP 2 1408 9/6194 35 9.0 -9.000 -9.00 -9.0000 9000  -9.0000 -9.000 9.0000 -9.0000
20009.0  TOMALES BAY-MARCONI COVE-REP 2 1409 9/6/94 35 -9.0 -9.000 -9.00 -9.0000 -9.000 -9.0000 -9.000 -9.0000 -9.0000
20011.0  ISLAIS CREEK 1411 9/6/94 35 9.0 -9.000 -9.00 -9.0000 -9.000 -9.0000 -9.000 -9.0000 -9.6000
20005.0  PARADISE COVE-REP 1 ’ 1398 97194 35 9.0 -9.000 -9.00 -9.0000 -9.000 -9.0000 ~9.000 -9.0000 -9.0000
200050  PARADISE COVE-REP 2 1399 97194 35 9.0 -9.000 -9.00 -9.0000 -9.000 -9.0000 -9.000 9.0000 -9.0000
20005.0  PARADISE COVE-REP 3 1400 9794 35 9.0 -9.000 -9.00 -9.0000 -9.000 -9.0000 - -9.000 -9.0000 -9.0000
20007.0 SAN PABLO BAY-ISILAND #1-REP 1 1404 9/7:94 35 9.0 -9.000 -9.00 -9.0000 -9.000 -9.0000 -9.000 -9.0000 - -9.0000
20007.0  SAN PABLO BAY-ISLLAND #1-REP 2 1405 9:7/94 35 -9.0 -9.000 9.00 -9.0000 -9.000 -9.6000 -9.000 -9.0000 -9.0000

20007.0 . SAN PABLO BAY-ISLAND #1-REP 3 1406 9:7194 25 9.0 -9.000 9.00 -9.0000 -9.000 -9.0000 -9.000 -9.0000 -9.0000
20006.0 SAN PABLO BAY-TUBBS IS.-REP 1 1401 9/8/94 35 9.0 -9.0060 9.00 -9.0000 -9.000 -9.0000 -9.000 -9.0000 -9.0000
20006.0  SAN PABLO BAY-TUBBS IS.-REP 2 1402 9/8/94 35 -9.0 -9.000 -9.00 -9.0000 - -9.000 -9.0000 -9.000 -9.0060 -9.0000
20006.0  SAN PABLO BAY-TUBBS IS.-REP 3 1402 9/8/94 35 -9.0 -9.000 -9.00 -9.0000 -9.000 -9.0000 -9.000 -9.0000 -9.0000
20010.0  CASTRO COVE-EVSO4 1410 9/8/94 35 9.0 -9.000 -9.00 -9.0000 -9.000 -9.0000 -9.000 -9.0000 -9.0000
20005.0  PARADISE COVE-REP 1 1461 3/6/95 37 43000.0 23.600 483.00 0.2560 97.800 0.2600 0.181 3.0200 138.0000
20005.0  PARADISE COVE-REP 2 1462 3/6/95 37 9.0 -9.000 -9.00 -9.0000 - <9.000 -9.0000 -9.0600 <9.0000 -9.0000
20005.0  PARADISE COVE-REP 3 1463 3/6/95 37 9.0 -9.000 -9.00 -9.0000 -9.000 -9.0000 -9.000 -9.0000 -9.0000
20013.0  N. SOUTH BAY REF.-REP 1 1472 3/6/95 7 45100.0 24.200 644.00 0.2630 102.600 0.2850 0.166 3.0600 134.0000
20013.0  N. SOUTH BAY REF.-REP 2 1473 3/6/95 37 44700.0 22.900 589.00 0.2160 98.100 0.3010 0.156 2.8100 136.0000
20013.0  N. SOUTH BAY REF.-REP 3 1474 3/6/95 37, 48200.0 23.100 565.00 0.2590 96.300 0.2710 0.17 2.7800 127.0000
20012.0  TREASURE ISLAND-CLIPPER COVE 147 377195 37 9.0 -9.000 -9.00 -9.0000 -9.000 -9.06000 -9.000 <9.0000 -9.0000
20014.0  S. SOUTH BAY REF.-RFP | 1475 2/7/95 37 433000 23.500 534.00 0.2020 85.400 0.2560 .0.185 12,5100 122.0000
20014.0  S. SOUTH BAY REF.-RFP 2 1476 277195 37 42200.0 24.000 543.00 0.1960 83.300 0.2590 0.294 2.5400 109.0000
20014.0  S. SOUTH BAY REF.-REP 3 1477 3/1195 37 42900.0 22.600 534.00 0.1880 82.900 0.2730 0.204 20700 107.0000
20009.0  TOMALES BAY-MARCONI COVE-REP 2 1470 3/8/95 37 9.0 -9.000 -9.00 -9.0000 -9.000 90000 - -9.000 -9.0000 -9.0000
20006.0  SAN PABLO BAY-TUBBS IS.-REP 1 1467 4/4/95 37 56900.0 31.500 743.00 0.3850 135.000 0.3080 0.168 3.8000 177.0000
20006.0  SAN PABLO BAY-TUBBS IS.-REP 2 1468 4/4/95 37 -9.0 -9.000 -9.00 -9.0000 -9.0600 -9.0000 -9.000 -9.0000 -9.0000
20006.0  SAN PABLO BAY-TUBBS IS.-REP 3 1469 4/4/95 37 9.0 -9.000 -9.00 -9.0000 -9.000 -9.6000 -9.000 -9.0000 -9.0000
20007.0  SAN PABLO BAY-ISLAND #1-REP 1 1464 4/4/95 27 44800.0 22200 740.00 0.2790 102.000 0.2220 0.166 24300 129.0000
20007.0  SAN PABLO BAY-ISLLAND #1-REP 2 1465 4/4/95 37 9.0 -9.000 -9.00 -9.0000 -9.000 -9.0000 -9.000 -9.0000 -9.0000
20007.0  SAN PABLO BAY-ISLLAND #1-REP 3 1466 4/4/95 37 9.0 -9.000 -9.00 -9.0000 -9.000 -9.0000 9.000 - -9.0000 -9.0000



Trace Metal Analysis (ppm-ug/g) (con't.)

STANUM STATION - IDORG DATE LEG ASBATCH SEBATCH TMBATCH TMDATAQC
20008.0  BOLINAS-AUDUBON CYN.-REP 1228  4/25/94 31 9.0 9.0 9.0 ) -9
20008.0 BOLINAS-AUDUBON CYN.-REP 2 1229  4/25/94 21 9.0 -9.0 9.0 9
200080  BOLINAS-AUDUBON CYN.-REP 3} 1230 4/25/94 21 9.0 -9.0 9.0 -9
20005.0  PARADISE COVE-REP 1 1219 4/25/94 21 11 1.1 1.1 -4
200050  PARADISE COVE-REP 2 1220 4/25/94 31 N 1.1 RN -4
200050  PARADISE COVE-REP 3 1221 472594 21 1.1 1.1 L 4
200090 TOMALES BAY-MARCONI COVE-REP | 1231 4/26/94 21 9.0 9.0 90 -9
200090 TOMALES BAY-MARCONI COVE-REP 2 1232 4/26/94 31 9.0 9.0 9.0 9
200090  TOMALES BAY-MARCONI COVE-REP 3 1233 4/26/94 31 9.0 9.0 9.0 9
200060 SAN PABLOBAY-TUBBSIS.-REP | 1222 4726/94 31 ni - 111 11.1 ' -4
200060 SAN PABLOBAY-TUBBSIS.- REP 2 1223 4726/94 31 1.1 . . 1.1 -4
200060  SAN PABLO BAY-TUBBSIS.-REP 3 1224 4/26/94 31 111 111 111 -4
20007.0  SANPABLO BAY-ISLAND #1-REP 1 1225  4/27/94 31 N 11.1 111 -4
20007.0  SAN PABLO BAY-ISLAND #1-REP 2 1226  4/27/94 31 .1 11.1 1n.1. -4
20007.0  SAN PABLO BAY-ISLAND #1-REP 3 . 1227 4/27/94 31 . 11.1 11.1 -4
20009.0 TOMALES BAY-MARCONI COVE-REP 1 1407 9/6/94 35 9.0 -9.0- 9.0 -9

1200090 TOMALES BAY-MARCONI COVE-RFP 2 - ‘1408 9/6/94 35 %0 9.0 : 9.0 - -9
200090 TOMALES BAY-MARCON! COVE-REP 3 1409 9/6/94 35 9.0 9.0 9.0 9
20011.0  ISLAIS CREEK 1411 9/6/94 35 9.0 C 90 -9.0 -9
20005.0 PARADISE COVE-REP 1 ) 1398 9/7/94 35 9.0 9.0 9.0 -9
200050 PARADISE COVE-REP 2 1399 977194 35 9.0 9.0 9.0 9
200050 PARADISE COVE-REP 3 1400 9/7/94 35 -9.0 9.0 9.0 . . -9
20007.0 SANPABLO BAY-ISLAND #1-REP 1 1404 971/94 35 -9.0 9.0 9.0 9
20007.0  SAN PABLO BAY-ISLAND #1-REP 2 1408 9794 - 35 9.0 9.0 -9.0 9
200070 SAN PABLO BAY-ISLAND #1-REP 3 1406 977/94 35 90 9.0 --90 9
20006.0 © SAN PABLO BAY-TUBBS IS.-REP | 1401 9/8/94 35 9.0 90 9.0 9
200060 SAN PABLO BAY-TUBBS IS.-REP 2 1402 9/8/94 35 9.0 9.0 9.0 -9
200060 SAN PABLO BAY-TUBBS IS.-REP 3 1403 9/8/94 35 9.0 9.0 9.0 . -9
200100 CASTRO COVE-EVSO4 1410 9/8/94 35 ) 9.0 9.0 9.0 9
20005.0 PARADISE COVE-REP 1 1461 3/6/95 37 15.1 15.1 15.1 -4
200050 PARADISE COVE-REP 2 1462 3695 37 90 9.0 9.0 -9
20005.0  PARADISE COVE-REP 3 1463 3/6/95 37 9.0 90 9.0 -9
20013.0  N. SOUTH BAY REF.-REP | : 1472 3/6/95 37 15.1 15.1 15.1 -4
20013.00  N. SOUTH BAY REF.-REP 2 1473 3/6/95 37 151 151 15 -4
20012.0  N. SOUTHBAY REF.-REP 3 " 1474 3/6/95 37 15.1 - 15.1 15.1 -4
200120 - TREASURE ISLAND-CLIPPER COVE 4N 371/95 37 -9.0. 9.0 9.0 9
200140  S. SOUTH BAY REF.-REP 1 1475 371195 37 15.1 151 15.1 -4
200140 S. SOUTH BAY REF.-REP 2 1476 377195 37 15.1 15.1 15.1 4
20014.0  S. SOUTH BAY REF.-REP } 1477 3/7/95 37 15.1 15.1 15.1 -4
20009.0 - TOMALES BAY-MARCONI COVE-REP 2 1470 3/8/95 37 9.0 90 90 - 9
20006.0 SAN PABLO BAY-TUBBS IS.-REP 1 1467 4/4/95 37 15.1 15.1 15.1 -4
200060  SAN PABLO BAY-TUBBS IS.-RFP 2 1468 4/4/95 37 -9.0 -9.0 -9.0 -9
20006.0  SAN PABLO BAY-TUBBS IS.-REP 2 1469 4/4/95 317 -9.0 9.0 9.0 9
20007.0  SAN PABLO BAY-ISLAND #1-REP | . 1464 4/4/95 37 15.1 15.1 151 - -4
20007.0  SAN PABLO BAY-ISLAND #1-REP 2 1465 4/4/95 37 9.0 -9.0 -9.0 9

20007.0  SAN PABLO BAY-ISLAND #1-REP 3 1466 4/4/95 37 9.0 9.0 ‘ 9.0 9



Section 1V .

Pesticide Concentrations



. .
Pesticide Analysis (ppb-ng/g)

STANUM STATION IDORG DATE LEG SOWEIGHT SOMOIST ALDRIN CCHLOR TCHLOR ACDEN GCDEN CLPYR DACTH OPDDD PPDDD
200080 BOLINAS-AUDUBON CYN.-REP 1 1228 4/25/94 31 9.00 9.00 -9.000 -9.000 -9.000 9000 9000 900  -9.000 900  -9.000
200080  BOLINAS-AUDUBON CYN.-REP 2 1229  4/25/94 31 -9.00 -9.00 -9.000 -9.000 -9.000 -9.000 -9.000 -9.00 -9.000 -9.00 -9.000
200080  BOLINAS-AUDUBON CYN.-REP 3 1230 425/94 21 9.00 9.00 9.000 9000 . -9.000 9000 9000 900 9000 -900  -9.000
200050  PARADISE COVE-RFP 1 1219 425/04 31 1071 56.44  -8.000 -8.000 -8.000 8000 -8000 -800  -8.000 1.16 2300 .
20005.0  PARADISE COVE-REP 2 1220  4/25/94 31 10.24 54.06 -8.000 -8.000 -8.000 -8.000 -8.000 -800  -8.000 135 1500
200050  PARADISE COVE-REP 3 1221 42504 31 10.09 61.52 -8.000 -8.000 8000 8000 -8000 -800  -8.000 1.40 0.860
20009.0  TOMALES BAY-MARCONI COVE-REP | 1231 4726194 31 -9.00 9.00 9.000 9.000 9.000 9000 9000 900  -9.000 900 9000
20009.0  TOMALES BAY-MARCONI COVE-REP 2 1232 4126194 31 9.00 9.00 9.000 9.000 -9.000 9000 9000 900  -9.000 900 9000
200090  TOMALES BAY-MARCONI COVE-REP 3 1233 4/26/94 31 9.00 9.00 -9.000 9.000 9.000 9000 9000 900  -9.000 900 9000
20006.0  SAN PABLO BAY-TUBBS IS.- REP ] 1222 4/26/94 Rl 10.69 © 58.67 -8.000 -8.000 -8.000 -8.000 -8.000 -8.00 -8.000 -8.00 0.850
20006.0  SAN PABLO BAY-TUBBS IS.- REP 2 1223 426194 31 10.45 50.81 -8.000 -8.000 -8.000 8000  -8000 -800  -8.000 -8.00 2.080
200060  SAN PABLO BAY-TUBBS IS.- REP 3 S 1224 426/94 31 11.48 58.75 -8.000 -8.000 -8.000 8000 8000  -8.00 0.216 -8.00 2.080
20007.0  SAN PABLO BAY-ISLAND #1-REP 1 : 1225 42794 31 10.14 4872 -8.000 -8.000 -8.000 -8000 -8000 800  -8.000 -8.00 1.930
200070 SAN PABLO BAY-ISLAND #1-REP 2 1226 42794 31 10.61 50.05 -8.000 -8.000 --8.000 -8000 8000 800  -8.000 -8.00 2.200
20007.0  SAN PABLO BAY-ISLAND #1-REP 3 1227 427194 31 - 10.02 54.50 -8.000 -8.000 --8.000 -8.000  -8000 -800  -3.000 -8.00 1.960
200090  TOMALES BAY-MARCONI COVE-REP 1 1407 9694 35 -9.00 -9.00 -9.000 9.000 9.000 9000 9000 900  -9.000 900 -9000

200090  TOMALES BAY-MARCONI COVE-REP 2 1408  9/6/94 35 9.00 9.00 -9.000 -9.000 9.000 9000 9000 900  -9.000 900 9000
200090 TOMALES BAY-MARCONI COVE-REP 3 1409 9694 35 9.00 9.00 9.000 9.000 -9.000 9000 9000 900  -9.000 9.00 9000
20011.0  ISLAIS CREEK 1411 96194 3$ 9.00 9,00 9.000 9,000 9000 ~ -0000 9000 900  -9.000 900 9000
200050  PARADISE COVE-REP 1 1398 9794 35 9.00 9.00 9.000 -9.000 -9.000 9000  -9000 900  -9.000 900 9000
200050 PARADISE COVE-REP 2 1399 9794 35 9.00 -9.00 9.000 9.000 -9.000 9000 9000 900  -9.000 900 9000
200050  PARADISE COVE-REP 3 1400 97794 35 9.00 9.00 9.000 9.000 9.000 9000 9000 900 9000 900 9000
20007.0  SAN PABLO BAY-ISLAND #1-REP 1 1404 97794 35 9.00 9.00 -9.000 9.000 -9.000 9000 9000 900  -9.000 900 9000
200070 SAN PABLO BAY-ISLAND #1-REP 2 _ 1405 9794 35 9.00 -9.00 -9.000 -9.000 9000 © 9000 9000 900  -9.000 900 9000
200070  SANPABLO BAY-ISLAND #1-REP 3 1406 9794 35 9.00 9.00 9.000 -9.000 -9.000 9000  -9000 900  -9.000 900  .-9000-
200060  SAN PABLO BAY-TUBBS IS-REP 1 1401 9894 35 -9.00 000 - 9000 9,000 -9.000 9000  -9.000  -9.00 -9.000 900 9000
20006.0  SAN PABLO BAY-TUBBS IS.-REP 2 © 1402 9894 35 9.00 -9.00 9.000 9.000 -9.000 9000 -9000 900  -9.000 9.00  -9000
200060  SAN PABLO BAY-TUBRBS IS.-REP 3 1403 9/894 35 9.00 9.00 9.000° 9.000 -9.000 9000 -9000 900  -9.000 900 9000
200100  CASTRO COVE-EVSO4 1410 95894 35 9.00 9.00 9.000 -9.000 -9.000 9000 9000 .900  -9.000 900 9000
20005.0 PARADISE COVE-REP 1 1461 3/6/95 37 10.82 52.12 -8.000 -8.000 -8.000 -8.000 -8.000 -8.00 -8.000 - -8.00 2.580
200050  PARADISE COVE-REP 2 1462 3695 37 -9.00 900 9000 -9.000 -9.000 9000 -9000 900  -9.000 900 9000
200050 PARADISE COVE-REP 3 1463 3/6/95 37 9.00 -9.00 9.000 9.000 9.000- 9000 -9000 900  -9.000 900 9000
200130  N.SOUTH BAY REF.-REP 1 1472 3695 37 10.40 57.16 -8.000 -8.000 -8.000 8000 -8000 -800  -8.000 800" 1040
20013.0  N. SOUTH BAY REF.-REP 2 1473 3695 37 10.03 56.70 . -8.000 -8.000 -8.000 -8000 -8000  -800 - -8.000 -8.00 1.030
20013.0  N. SOUTH BAY REF.-REP 3 1474 3/6/95 37 10.15 55.91 -8.000 -8.000 -8.000 -8.000 -8.000. -800°  -8.000 -8.00 1.020°
200120  TREASURE ISLAND-CLIPPER COVE W 3195 37 9.00 9.00 9.000 9.000 -9.000 9000 -9000 900  -9.000 900  -9.000
200140  S.SOUTH BAY REF.-REP | 1475 795 37 10.10 48.62 -8.000 -8.000 -8.000 -8000 -8000 800  -8.000 -8.00 1.740
20014.0  S. SOUTH BAY REF.-REP 2 - 1476 /195 37 10.36 46.15 8000  -8.000 -8.000 -8.000 - -8.000 -8.00 -8.000 -8.00 1.210
20014.0  S. SOUTH BAY REF.-REP 3 1477 3/7/95 37 10.26 45.61 -8.000 -8.000 -8.000 -8.000 -8.000 -8.00 -8.000 -8.00 0.840
20009.0 TOMALES BAY-MARCONI COVE-REP 2 1470 /895 37 9.00 9.00 9.000 -9.000 9.000 9000 9000 900  -9.000 900 9000
200060 SAN PABLO BAY-TUBBS IS.-REP 1 1467 4/4195 37 10.28 52.75 -8.000 -8.000 -8.000 8000 -8000 -800  -8.000 -8.00 2620 -
20006.0  SAN PABLO BAY-TUBBS IS.-REP 2 1468 4/4/95 37 -9.00 -9.00 9.000 -9.000 9.000 9000 9000 -900  -9.000 900 9000
200060  SAN PABLO BAY-TUBBS IS.-REP 3 1469 4495 37 900 9.00 9.000 -9.000 9.000 9000 9000 900  -9.000 900  -9000
20007.0  SAN PABLO BAY-ISLAND #1-REP 1 1464 41495 7 10.81 46.83 -8.000 -8.000 -8.000 8000 8000 -800  -8.000 -8.00 5.320
200070  SAN PABLO BAY-ISI.AND #1-REP 2 1465 44195 37 9.00 9.00 -9.000 9.000 -9.000 9000 -9000 900  -9.000 900 9000

20007.0  SAN PABLO BAY-ISLAND #1-REP 3 1466 4/4/95 27 -9.00 -9.00 -9.000 -9.000 -9.000 -9.000 -9.000 -9.00 9.000 -9.00 9000



Pesticide Analysis (ppb-ng/g) (coﬁ’t)

STANUM STATION . - IDORG DATE LEG OPDDE PPDDE PPDDMS PPDDMU OPDDT PPDDT DICLB DIELDRIN ENDO I ENDO II ESO4
20008.0  BOLINAS-AUDUBON CYN.-REP 1 1228  4/25/94 R} -9.00 9.00 -9.00 -9.00 9.00 -9.00 -9.00 -9.000 © 5,000 9.00 -9.00
20008.0  BOLINAS-AUDUBON CYN.-REP 2 1229  4/25/94 KIa -9.00 -9.00 -9.00 -9.00 " 900 -9.00 -9.00 -9.000 -9.000 -9.00 -9.00
200080  BOLINAS-AUDUBON CYN.-REP 3 - ' 1230 4/25/94 21 -9.00 -9.00 -9.00 -9.00 -9.00 -9.00 ©-9.00 '9.000 -9.000 -9.00 - -9.00
200050  PARADISE COVE-REP 1 1219 4/25/94 31 -8.00 2.00 -8.00 T 800 -8.00 -8.00 -8.00 -8.000 -8.000 -8.00 -8.00
20005.0 PARADISE COVE-REP 2 1220 4/25/94 31 800 212 -8.00 -8.00 -8.00 -8.00 -8.00 -8.000 -8.000 -8.00 -8.00
20005.0  PARADISE COVE-REP 3 1221 4/25/94 31 -8.00 2.02 -8.00 -8.00 -8.00 -8.00 -8.00 -8.000 -8.000 -8:00 -8.00
20009.0  TOMALES BAY-MARCONI COVE-REP 1 1231 4/26/94 21 -9.00 -9.00 -9.00 -9.00 -9.00 -9.00 -9.00 -9.000 -9.000 -9.00 -9.00
200090  TOMALES BAY-MARCONI COVE-REP 2 1232 4/26/94 21 -9.00 -9.00 -9.00 -9.00 -9.00 -9.00 -9.00 -9.000 -9.000 -9.00 -9.00
20009.0  TOMALES BAY-MARCONI COVE-REP 2 1233 4/26/94 21 9.00 9.00 9.00 C 900 9.00 9.00 9.00 -9.000 9.000 9.00 -9.00
20006.0  SAN PABLO BAY-TUBBS IS.- REP 1 1222 4/26/94 31 -8.00 2.89 -8.00 -8.00 -8.00 -8.00 -8.00 -8.000 -8.000 -3.060 -8.00
20006.0  SAN PABLO BAY-TUBBS IS.- REP 2 1223 4/26/94 kY] . -8.00 216 -8.00 -8.00 -8.00 -8.00 -8.00 -8.000 -8.000 -8.00 -8.00
20006.0  SAN PABLO BAY-TUBBS IS.- REP 3 1224 4/26/94 K} -8.00 2.10 -8.00 -8.00 - -8.00 -8.00 -8.00 -8.000 -8.000 -8.00 -8.00
20007.0  SAN PABLO BAY-ISLAND #1-REP 1 . 1225 472794 R} -8.00 183 -8.00 -8.00 -8.00 -8.00 -8.00 -8.000 -8.000 -8.00 -8.00
20007.0  SAN PABLO BAY-ISLAND #1-REP 2 1226  4/27/94 31 -8.00 1.87 -8.00 -8.00 -8.00 -8.00 -8.00 -8.000 -8.000 -8.00 -8.00
20007.0  SAN PABLO BAY-ISLAND #1-REP 3 1227  4/27/94 2 -8.00 1.99 -8.00 -8.00 -8.00 -8.00 -8.00 -8.000 -8.000 -8.00 -8.00
20009.0  TOMALES BAY-MARCONI COVE-REP 1 1407 9/6/94 35 9.00 -9.00 9.00 -9.00 -9.00 -9.00 -9.00 -9.000 -9.000 -9.00 9.00
20009.0  TOMALES BAY-MARCONI COVE-RFP 2 1408 9/6/94 35 9.00 900 900 -9.00 900 -9.00: -9.00 -9.000 9,000 900 -9.00
20009.0 TOMALES BAY-MARCONI COVE-REP 3 1409 9/6/94 3s -9.00 -9.00 -9.00 -9.00 +9.00 -9.00 <9.00 -9.000 -9.000 -9.00 -9.00
20011.0  ISLAIS CREEK . 1411 9/6/94 35 -9.00 -9.00 -9.00 -9.00 - -9.00 9.00 -9.00 -9.000 -9.000 -9.00 -9.00
20005.0 PARADISE COVE-REP1 . _ 1398 9/7/94 35 .-9.00 9.00 9.00 9.00 9.00 ©-9.00 9.00 -9.000 -9.0600 9.00 9.00
20005.0 PARADISE COVE-REP 2 1399 9/7/94 35 -9.00 -9.00 -9.00 -9.00 9.00 -9.00 -9.00 -9.000 -9.000 -9.00 -9.60
20005.0  PARADISE COVE-REP 3 1400 9/7/94 35 -9.00 -9.00 -9.00 -9.00 900 ' -9.00 -9.00 <9.000 -9.000 -9.00 -9.00
200567.C  SANPABLO BAY-ISLAND #1-REP 1 1404 9/7/94 35 9.00 -9.00 -9.00 -9.00 -9.00 -9.00 -9.00 -9.000 -9.000 -9.00 -9.00
20007.0  SAN PABLO BAY-ISLAND #1-REP 2 1405  9/7/94 35 9.00 -9.00 -9.00 -9.00 9.00 -9.00 -9.00 -9.000 9.000 -9.00 -9.00
20007.0  SAN PABLO BAY-ISLAND #1-REP 3 1406 97794 35 -9.00 -9.00 -9.00 -9.00 -9.00 -9.00 -9.00 -9.000 -9.000 -9.00 9.00
20006.0  SAN PABLO BAY-TUBBS IS.-REP 1 1401 9/8/94 35 -9.00 -9.00 9.00 -9.00 -9.00 900 900 -9.000 -9.000 -9.00 -9.00
20006.0 SAN PABLO BAY-TUBBS IS.-REP 2 1402 9/8/94 35 -9.00 -9.00 -9.00 -9.00 -9.00 -9.00 -9.00 -9.000 -9.000 -9.00 -9.00
20006.0 SAN PABLO BAY-TUBBS IS.-REP 2 T 1403 9/8/94 35 -9.00 900 -9.00 -9.00 9.00 -9.00 9.00 -9.000 -9.600 900 -9.00
200100  CASTRO COVE-EVSO4 1410 9/8/94 35 -9.00 -9.00 -9.00 -9.00 -9.00 -9.00 -9.00 -9.000 -9.000 -9.00 -9.00
20005.0 PARADISE COVE-REP | 1461 3/6/95 37 -8.00 1.92 -8.00 -8.00 -8.00 -8.00 -8.00 -8.000 -8.000 -8.00 -8.00
20005.0 PARADISE COVE-REP 2 1462 3/6/95 37 -9.00 -9.00 -9.00 -9.00 -9.060 -9.00 -9.00 -9.000 -9.000 -9.00 -9.060
20005.0  PARADISE COVE-REP 3 1463 3/6/95 37 9.00 -9.00 -9.00 9.00 -9.00 -9.00 -9.00 -9.000 -9.000 -9.00 -9.00
20013.0  N. SOUTH BAY REF.-REP 1 1472 3/6/95 37 -8.00 1.57 -8.00 -8.00 -8.00 -8.00 -8.00 -8.000 -8.000 800  -8.00
20013.0  N.SOUTH BAY REF.-REP 2 1473 3/6/95 37 -8.00 1.36 -8.00 -8.00 -8.00 -8.00 -8.00 -8.000 -8.000 -8.00 -8.00
20013.0  N.SOUTH BAY REF.-REP3 | 1474 3/6/95 37 -8.00 1.41 -8.00 -8.00 -8.00 -8.00 -8.00 -8.000 -8.000 -8.00 -8.00
200120  TREASURE ISLAND-CLIPPER COVE 1471 /195 7 -9.00 -9.00 900 -9.00 -9.00 -9.00 -9.00 -9.000 -9.000 -9.00 -9.00
200140  S. SOUTH BAY REF.-REP 1 1475 3/7/95 RY) -8.00 1.02 -8.00 -8.00 -8.00 -8.00 -8.00- -8.000 -8.000 -8.00 -8.00
20014.0 S SOUTH BAY REF.-REP 2 1476 3/7/95 7 -8.00 -8.00 800 -8.00 -8.00 -8.00 -8.00 -8.000 -8.000 -8.00 -8.00
200140 S SOUTHBAY REF.-REP 2 1477 2195 37 -8.00 -8.00 -8.00 -8.00 -8.00 -3.00 -8.00 -8.000 -8.000 -8.00 -8.00
200090 TOMALES BAY-MARCONI COVE-REP 2 1470 2i8195 37 -9.00 -9.00 -9.00 -9.00 -9.00 9.00 -9.00 -9.000 -9.000 -9.00 -9.00
20006.0  SAN PABLO BAY-TUBBS IS.-REP 1 1467 4/4.95 37 -8.00 199 -8.00 -8.00 -8.00 -8.00 -8.00 -8.000 -8.000 -8.00 -8.00
20006.0  SAN PABLO BAY-TUBBS IS.-RFEP 2 1468 4:4i95 27 -9.00 -9.00 -9.00 -9.00 -9.00 -9.00 -9.00 -9.000 -9.000 -9.00 -9.00
20006.0  SANPABLO BAY-TUBBS IS.-REP 3 1469 4i4:95 7 -9.00 -9.00 -9.00 -9.00 -9.00 -9.00 -9.00 -9.000 -9.000 -9.00 -9.00
20007.0  SAN PABLO BAY-ISLAND #1-REP 1 1464 4:4:95 27 -8.00 6.86 -8.00 -8.00 -8.00 58.10 -8.00 -8.000 -8.000 -8.00 -8.00
20007.0  SAN PABLO BAY-ISLAND #1-REP 2 1465 44:95 7 -9.00 9.00 - -9.00 -9.00 -9.00 -9.00 -9.00 -9.000 -9.000 -9.00 -9.00
20007.0  SAN PABLO BAY-ISLAND #1-REP 3 ) 1466 $:4/95 7 900 -9.00 -9.00 -9.00 900  -9.00 9.00 . -9.000 £9.000 -9.00 -9.00

. s




e v
Pesticide Analysis (ppb-ng/g) (con't.)

STANUM STATION - IDORG DATE LEG ENDRTLN _HCHA HCHB HCHG HCHD HEPTACHLOR HE HCB METHOXY MIREX CNONA
20008.0  BOLINAS-AUDUBON CYN.-REP | 1228  4/25/94 31 -9.00 -9.000 900 -9.000 -9.000 -9.000 <9.000 -9.000 -9.00 -9.000 25,000
20008.0  BOLINAS-AUDUBON CYN.-REP 2 1229  4/25/94 3t -9.00 -9.000 900 9000 -9000 . -9.000 -9.000 -9.000 -9.060 -9.000 -9.000
20008.0  BOLINAS-AUDUBON CYN.-REP 3 1230  -4/25/94 3t -9.00 -9.000 -9.00 -9.000 -9.000 -9.000 -9.000 -9.000 -9.00 -9.000 <9.000
200050  PARADISE COVE-REP 1 1219  4/25/94 31 -8.00 -8.000 -800 -83.000 -8000 -8.000 -8.000 -8.000 -8.00 -8.000 -8.000
200050  PARADISE COVE-REP2 1220 425194 K} -8.00 -8.000 -800 8000 -8000 -8.000 -8.000 -8.000 -8.00 -8.000 -8.000
20005.0  PARADISE COVE-REP 3 1221 42594 31 -8.00 -8.000 -800 -8.000 -8.000 -8.000 -8.000 -8.000 -8.00 -8000  -8.000
20009.0 TOMALES BAY-MARCONI COVE-REP 1 1231 4/26/94 31 -9.00: 9000 900 -9.000 -9.000 -9.000 -9.000 -9.600 -9.00 9000  -9.000
20009.0 TOMALES BAY-MARCONI COVE-REP 2 1232 4/26/94 31 -9.00 -9.000 900 9000 -9.000 -9.000 -9.000 -9.000 -9.00 -9.000 -9.000
20009.0  TOMALES BAY-MARCONI COVE-REP 3 1233 472694 3} -9.00 9000 900 9000 -9.000 -9.000 9.000 -9.000 900 9000  -9.000
20006.0  SAN PABLO BAY-TUBBS IS.- REP 1 . 1222 4/26/94 3 -8.00 -8.000 -800 -3.000 -8.000 - -8.000 -8.000 0.346 -8.00 -8.000 -8.000
20006.0  SAN PABLO BAY-TUBBS IS.- REP 2 1223 4/26/94 31 -8.00 -8.000 -§00 -8.000 -8.000 -8.000 -8.000 0.269 -8.00 -8.000 -8.000
20006.0  SAN PABLO BAY-TUBBS IS.- REP 3 1224  4/26/94 31 -8.00 -8.000 -800 -8.000 -8.000 -8.000 -8.000 0.240 -8.00 -8.000 -8.000
20007.0  SAN PABLO BAY-ISLAND #1-REP 1 1225 4727194 31 -8.00 -8.000  -8.00 -8.000 -8.000 -8.000 -8.000 0.236 -8.00 -8.000 -8.000
200070  SAN PABLO BAY-ISLAND #1-RFP 2 1226  4127/94 31 -8.00 -8.000 -800 -8000 -8.000 -8.000 -8.000 0.258 -8.00 -8.000 -8.000
20007.0  SAN PABLO BAY-ISLAND #]-RFP 3 1227 42794 31 -8.00 -8.000 -8.00 -3.000 -8.000 -8.000 -8.000 0.411 -8.00 -8.000 -8.000
200090  TOMAILES BAY-MARCONI COVE-REP 1 1407 9/6/94 35 -9.00 9000 900 -9.000 -9.000 9.000 9.000 -9.000 -9.00 9000  -9.000
200090  TOMALES BAY-MARCONI COVE-REP 2 1408 9/6/94 35 9.00 -9.000 9.00 9000 -9.000 -9.000 -9.000 -9.000 -9.00 .."9.000 -9.000
200090 TOMALES BAY-MARCONI COVE-REP 3 1409  9/6/94 35 9.00 9000 900 -9.000 -9.000 -9.000 -9.000 -9.000 9.00 9000  -9.000
20011.0  ISLAIS CREEK 1411 9%6/94 35 -9.00 9000 900 9000 -9.000 9.000 9.000 -9.000 -9.00 9000  -9.000
20005.0 PARADISE COVE-REP 1 1398 9/7/94 35 9.00 -9.000 900 9000 -9.000 -9.000 -9.000 -9.000 -9.00 <9.000 -9.000
20005.0  PARADISE COVE-REP 2 1399 9794 35 -9.00 9000 -900 -9.000 -9.000 -9.000 -9.000 -9.000 -9.00 9000  -9.000
20005.0 PARADISE COVE-REP 3 ] 1400 977/94 35 -9.00 9000 900 -9.000 -9.000 -9.000 -9.060 -9.000 900 -9.000 -9.000
20007.0  SAN PABLO BAY-ISLAND #1-REP 1 1404 977194 3s -9.00 9000 900 -9.000 -9.000 -9.000 -9.000 -9.000 -9.00 -9.000 -9.000
20007.0  SAN PABLO BAY-ISLAND #1-REP 2 1405  9/77/94 35 -9.00 9000 -900 -9.000 -9.000 9.000 -9.000 - -9.000 9.00 - 9000  -9.000
200070  SAN PABLO'BAY-ISLAND#1-REP 3 . 1406 97794 35 -9.00 9000 900 9000 -9.000 9000 .  -9.000 -9.000 9.00 9000  -9.000
200060  SAN PABLO BAY-TUBBS IS.-REP 1 1401 9/8/94 35 -9.00 -9.000 -9.00 -9.000 -9.000 9.000 -9.000 -9.000 *-9.00 "-9.000 -9.000
200060 SAN PABLO BAY-TUBBS IS.-REP 2 1402 9/8/94 35 -9.00 9000 900 -9000 -9.000 -9.000 -9.000 -9.000 -9.00 -9.000 -9.000
200060 SAN PABLO BAY-TUBBS IS.-REP 3 1403 9/8/94 35 -9.00 -9.000 900 -9.000 -9.000 -9.000 -9.000 -9.000 -9.00 -9.000 -9.000
200100  CASTRO COVE-EVSO4 1410 9/8/94 35 " -9.00 9.000 900 -9.000 -9.000 -9.000 -9.000 -9.000 -9.00 -9.000 -9.000
200058 PARADISE COVE-REP 1 1461  6/95 37 -8.00 -8.000 - -800 -8000 -8.000 -8.000 -8.000 0.309 -8.00 8000  -8.000
200050 PARADISE COVE-REP 2 1462 3/6/95 37 900 9000 900 9000 -9.000 -9.000 9.000 -9.000 -9.00 9000  -9.000
200050  PARADISE COVE-REP 3 1463 3/6/95 37 9.00 9000 -900 -9000 -9.000 -9.000 9.000 -9.000 -9.00 9000  -9.000
200130  N. SOUTH BAY REF.-REP 1 1472 36195 37 -8.00 8000 -800 -8000 -8.000 -8.000 -8.000 -8.000 -8.00 8000  8.000
200130  N.SOUTH BAY REF.-REP2 . 1473 36/95 37 -8.00 8000 800 -8000 -8.000 -8.000 -8.000 -8.000 -8.00 -8000  -8.000

~20012.0  N: SOUTH BAY REF.-REP 3 1474 306/95 37 -8.00 8000 800 -8.000 _-8.000 -8.000 . -8.000 -8.000 -8.00 8000  -8.000
200120 TREASURE ISLAND-CLIPPER COVE oMM ¥19s 37 9.00 9000 900 9000 -9.000 9.000 -9.000 -9.000 9.00 9.000  -9.000
200140 S SOUTHIBAY REF.-REP 1 1475 - 37995 37 -8.00 8000 -800  -8000  -8.000 -8.000 -8.000 -8.000 -8.00 8000 -R.000
200140 S SOUTH BAY REF ' M6 N19s 37 -8.00 8000 800 8000 -8.000 -8.000 -8.000 -8.000 800 - 8000 -8.000
200140 S SOUTH BAY REF-RiiP 3, 1477 3795 37 -8.00 8000 800 8000 -8.000 8000  -8.000 -8.000 -8.00 8000  -8.000
200000  TOMALES BAY-MARCONI COVE-REP 2 1470 3895 37 9.00 9.000  -900 9000 -9.000 -9.000 9.000 -9.000 9.00 9000  -9.000
200060 SAN PABLO BAY-TUBBS IS.-REP | 1467 4495 37 -8.00 -8.000 -800 -8000 -8.000 -8.000 -8.000 0332 ©  -8.00 -8.000  -8.000
20006.0  SAN PABLO BAY-TUBBS IS.-REP 2 1468 44195 37 9.00 9000 900 9000 -9.000 -9.000 -9.000 -9.000 -9.00 9000  -9.000
20006.0  SAN PABLO BAY-TUBBS IS.-REP 3 1469 4495 37 9.00 9000 -900 -9.000 -9.000 -9.000 -9.000 -9.000 -9.00 9000  -9.000
20007.0  SAN PABLO BAY-ISLAND #1-REP | 1464 /495 37 -8.00 8000 -800 -8000 -8.000 -8.000 8000 0579  -8.00 -8.000  -8.000
20007.0  SAN PABLO BAY-ISLAND #1-REP 2 : 1465  4/495 37 -9.00 9000  -900 9000 -9.000 9.000 9.000 -9.000 9.00 9000  -9.000

20007.0  SAN PABLO BAY-ISLAND #1-REP 3 ' 1466 4/4/95 a7 -9.00  -9.000 -9.00 -9.000  -9.000 -9.000 -9.600 -9.000 9.00 -9.000 -9.000



Pesticide Analysis (ppb-ng/g) (cén't.)

STANUM STATION o IDORG DATE LEG TNONA OXAD OCDAN TOXAPH TBT PESBATCH

200080  BOLINAS-AUDUBON CYN.-REP 1 1228 42594 31 -9.000 -9.00 -9.000 -9.00 -9.06000 9.00
20008.0  BOLINAS-AUDUBON CYN.-REP 2 1229  4/25/94 31 -9.000 -9.00 -9.000 -9.00 -9.0000 9.00
200080  BOLINAS-AUDUBON CYN.-REP } 1230 4/25/94 31 -9.000 -9.00 -9.000 -9.00 -9.0000 -9.00
200050 PARADISE COVE-REP 1 1219 4725/94 31 -8.000 -8.00 -8.000 -8.00 0.0260 73.36
20005.0  PARADISE COVE-REP 2 1220 4725194 131 -8.000 -8.00 -8.000 -8.00 -8.0000 73.36
20005.0  PARADISE COVE-REP 1221 4/25/94 31 -8.000 -8.00 -8.000 -8.00 -8.0000 73.36
20009.0  TOMALES BAY-MARCONI COVE-REP 1 1231 4/26/94 31 -9.000 -9.00 -9.000 -9.00 -9.0000 -9.00
20009.0  TOMALES BAY-MARCONI COVE-REP 2 1232 4/26/94 31 -9.000 -9.60 -9.000 -9.00 -9.0000  -9.00
200090 TOMALES BAY-MARCONI COVE-REP } 1233 42694 1) -9.000 9.00 -9.000 -9.00 9.0000 9.00
200060 SAN PABLO BAY-TUBBS IS.- REP 1 1222 426194 31 -8.000 -8.00 -8.000 -8.00 -8.0000 73.36
20006.0 SAN PABLO BAY-TUBBS IS.- REP 2 1223 426194 21 -8.000 -8.00 -8.000 -8.00 -8.0000 73.36
20006.0  SAN PABLO BAY-TUBBS IS.- REP 3 1224 426194 31 -8.000 -8.00 -8.000 -8.00 0.0580 73.36
20007.0  SAN PABLO BAY-ISLLAND #1-REP 1 1225 42794 31 -8.000 -8.00 -8.000 -8.00 0.0580 73.36
20007.0  SAN PABLO BAY-IS{.AND #1-REP 2 o 1226 42794 X1 -8.000 -8.00 -8.000 -8.00 0.0200 73.36
20007.0  SAN PABLO BAY-ISLAND #1-REP 3 1227 4127/94 31 -8.000 -8.00 -8.000 -8.00 0.0260 73.37
20009.0  TOMALLES BAY-MARCONI COVE-REP 1 1407 9/6:94 KM -9.000 -9.00 -9.000 -9.00 -9.0000 -9.00
20009.0  TOMALES BAY-MARCONI COVE-REP 2 1408 9/6/94 I/ 9000 -9.00 -9.000 -9.00 -9.0000 -9.00
20009.0  TOMALES BAY-MARCONI COVE-REP 3 1409 9/6/94 R3] -9.000 -9.00 -9.000 -9.00 -9.0000 -9.00
200110  ISLAIS CREEK ‘ 1411 9/6/94 35 -9.000 -9.00 9.000 . -9.00 -9.0000 9.00
20005.0 PARADISE COVE-REP 1 ‘ 1398 9/7/94 25 -9.000 -9.00 -9.000 -9.00 -9.0000 -9.00
.20005.0  PARADISE COVE-REP 2 1399 9/7/94 35 -9.000 -9.00 -9.000 -9.00 -9.0000 -9.00
200050 PARADISE COVE-REP 3 1400 9/1/94 35 -9.000 -9.00 -9.000 -9.00 -9.0000 -9.00
200070 SAN PABLO BAY-ISLAND #1-REP 1 1404 9/7/94 15 -9.000 9.00 -9.000 900 -9.0000 - -9.00
20007.0  SAN PABLO BAY-ISLAND #1-REP 2 1405 9/7/194 35 -9.000 -9.00 -9.000 -9.00 -9.0000 -9.00
20007.0  SAN PABLO BAY-ISLAND #1-REP 3 1406 9/7/94 35 -9.000 -9.00 -9.000 -9.00 -9.0000 -9.00
20006.0  SAN PABLO BAY-TUBBS IS.-REP 1 1401 9/8/94 35 -9.000 -9.00 -9.000 -9.00 -9.0000 -9.00
20006.0 SAN PABLO BAY-TUBRS IS.-REP 2 1402 9/8/94 35 -9.000 -9.00 -9.000 -9.00 -9.0000 -9.00
20006.0  SAN PABLO BAY-TUBBS IS.-REP 3 1403 9/8/94 15 -9.000 -9.00 -9.000 -9.00 -9.0000 -9.00
20010.0 CASTRO COVE-EVSO4 1410 9/8/94 35 -9.000 9.00. -9.000 -9.00 -9.0000 -9.00
200050 PARADISE COVE-REP 1 1461 3/6/95 37 -8.000 -8.00 -8.000 -8.00 0.3620 74.50
20005.0 PARADISE COVE-REP 2 . 1462 3/6/95 37 -9.000 -9.00 -9.000 -9.00 -9.0000 -9.00
20005.0 PARADISE COVE-REP 3 1463 3/6/95 37 -9.000 -9.00 -9.000 -9.00 -9.0000 -9.00
20013.0 N. SOUTH BAY REF.-REP 1 1472 3/6/95 37 -8.000 -8.00 -8.000 -8.00 -8.0000 74.50
20013.0 N. SOUTH BAY REF.-REP 2 1473 3/6/95 37 -8.000 -8.00 -8.000 -8.00 0.0393 74.50
20013.0 N. SOUTH BAY REF.-REP 3 © 1474 3/6/95 37 -8.000 -8.00 -8.000 -8.00 -8.0000 74.50
200120  TREASURE ISLAND-CLIPPER COVE 1471 3/7/95 37 -9.000 -9.00 -9.000 -9.00 -9.0000 -9.00
200140 S. SOUTH BAY REF.-REP 1 1475 3/7/95 37 -8.000 -8.00 -8.000 -8.00 0.0236 74.50
200140  S. SOUTH BAY REF.-REP 2 . 1476 /7195 37 -8.000 -8.00 -8.000 -8.00 -8.0000 74.50
200140  S. SOUTH BAY REF.-REP 3 1477 /7195 37 -8.000 -8.00 -8.000 -8.00 -8.0000 74.50
20009.0 TOMALES BAY-MARCONI COVE-REP 2 1470 3/8/95 7 -9.000 -9.00 -9.000 -9.00 -9.0000 -9.00
20006.0  SAN PABLO BAY-TUBBS IS.-REP 1 1467 4/4/95 37 -8.000 -8.00 -8.000 -8.00 -8.0000 74.50
20006.0 SAN PABL.O BAY-TUBBS IS.-REP 2 1468 4/4/95 27 -9.000 9.00 -9.000 -9.60 -9.0000 9.00
20006.0 SAN PABLO BAY-TUBBS IS.-REP 3 1469 4/4/95 37 -9.000 -9.00 -9.000 -9.00 -9.0000 -9.00
20007.0  SAN PABLO BAY-ISLAND #1-REP | 1464 4/4/95 37 -8.000 -8.00 -8.000 800 ~ 0.4130 74.50
20007.0  SAN PABLO BAY-ISLAND #1-REP 2 1465 4/4/95 37 -9.000 -9.00 -9.000- -9.00 -9.6000 -9.00
20007.0  SAN PABLO BAY-ISLAND #1-REP 3 1466 4/4/95 17 -9.000 -9.00 -9.000 -9.00 -9.0000 -9.00



Section V

PAH Concentrations



PAH Analysis (ppb-ng/g)

STANUM STATION IDORG DATE . LEG ACY ACE ANT BAA BAP BBF BKF BGP BEP BPH CHR DBA DMN FILA
200080  BOLINAS-AUDUBON CYN-REP | 1228 42593 31 000 -9.00 -900 960 900 900 -900 900 -900 -900 -9.00 -9.00 900 -9.00
200080  BOLINAS-AUDUBON CYN.-REP 2 1220 42593 X 900 900 000 900 900 900 900 900 9060 900 900 -900 900 -9.00
20008.0  BOLINAS-AUDUBON CYN.-REP 3 1230 472591 31 900 --900 900 900 - 900 9060 900 -900 -900 -900 -900 -900 900 -9.00
200050  PARADISE COVE-REP 1 1219 42504 31 867 793 2810 88.00 ‘29800 26700 83.90 23400 14400 11.30 9470 30.20 -8.00 265.00
200050  PARADISE COVE-REP 2 1220 42593 31 822 871 2820 86.10 25160 22400 7170 19500 12400 11.10 9950 2600 -8.00 230.00
200050  PARADISE COVE-REP 3 1221 42504 3 846 751 2300 8370 24200 23400 7390 180.00 12400 11.20 8500 2490 -8.00 313.00
200000 TOMALES BAY-MARCONI COVE-REP 1 - 1231 42694 31 900 900 900 900 -900 900 900 -900 -900 -900 -900 900 900 -9.00
200000  TOMALES BAY-MARCONI COVE-REP 2 1232 42694 11 900 900 900 -900 900 900 -900 -900 900 -900 900 -900 900 -9.00
20009.0  TOMALLES BAY-MARCONI COVE-REP 3 1233 42694 31 900 900 900 900 -900 -900 -900 -900 -900 900 -900 -9.00 9060 -9.00
200060  SAN PABLO BAY-TUBBS IS.- REP 1 1222 4”694 3} 537 800 11.70 47.40 166.00 15000 4440 13800 8620 874 4230 1800 -800 14200
200060  SAN PABLO BAY-TUBBS IS.- REP 2 1223 4726/94 31 626 515 1430 51.80 169.00 149.00 4420 139.00- 85.80 860 44.80 850 -8.00 14800
200060  SAN PABLO BAY-TUBRS IS.- REP 3 1224 472694 31 800 800 1410 4890 167.00 14800 4430 13400 8460 872 4300 1790 -800 139.00
20007.0  SAN PABLO BAY-ISLAND 41-REP 1. 1225 42794 31 800 -800 7.3 3950 11800 10500 3260 9590 6180 651 3340 1330 -800 112.00.
20007.0  SAN PABLO BAY-ISLAND #1-REP 2 1226 42794 31 800 800 1200 40.10 121.00 10700 3250 9860 6370 6.11 4330 1340 -800 [13.00
200070 SAN PABLO BAY-ISLAND #1-REP 3 1227 42794 3@ 566 506 1280 5850 15400 13400 4350 131.00 8380 746 5020 1800 -8.00 161.00
20000.0  TOMALES BAY-MARCONI COVE-REP | 1407 94694 35 900 900 900 900 -900 900 -900 -900 -900 -900 900 -900 -900 -9.00
200000 TOMALES BAY-MARCONI COVE-REP 2 408 9i6:94 5 900 900 900 900 900 900 -900 -900 900 -900 -900 -900 900 -9.00
200090 TOMALES BAY-MARCONI COVE-REP 3 1409 9694 s 900 900 900 900 900 900 -900 900 900 -900 -900 900 900 900
200110 ISLAIS CREEK I 9694 35 .000 900 900 900 -900 900 -900 900 -900 900 900 900 -9.00 -9.00
200050 PARADISE COVE-REP | 1208 9794 5 900 900 900 900 900 900 .-900 900. 900 9060 900 -900 900 -9.00
200050  PARADISE COVE-REP 2 1399 9794 35 900 -900 900 900 900 900 -900 -900 900 -900 900 -900 -900 -9.00
200050 PARADISE COVE-REP 3 1400 9794 35 900 900 900 -900 900 -900 -900 900 900 -900 900 900 -900 -9.00
200070  SAN PABLO BAY-ISLAND #1-REP | 1404 97794 s 000 900 960 -900 900 -900 900 900 900 -900 -900 -900 900 -9.00
200070  SAN PABLO BAY-ISLAND #1-REP 2 1405 9/7/94 s 900 900 900 900 900 900 900 -900 -900 900 900 900 -900 -9.00
20007.0  SAN PABLO BAY-ISLAND #1-REP 3 1406 91794 . 35 900 900 -900 900 -900 -900 -900 900 -900 -900 -900 -900 900 -9.00
200060 SAN PABLO BAY-TUBHS IS.-REP | 1401 - 97894 35 900 900 900 900 -900 900 -900 900 -900 900 900 -900 -900 -900
200060 SAN PABLO BAY-TUBBS IS.-REP 2 14902 9/8/94 s 900 900 -900 -9006 -900 900 -900 960 -900 -900 -900 -900 -900 -9.00
200060  SAN PABLO BAY-TUBBS IS.-REP 3 1403 9/8/94 35 900 900 900 -900 -900 -900 900 900 -900 -900 -900 -900 -900 -9.00
200100 CASTRO COVE-EVSO4 ' 1410 9/8/94 35 900 900 -900 -900 900 -900 900 900 -900 -900 -900 -900 -900 -9.00
20005.0  PARADISE COVE-REP | 1461 36/95 37 3140 1240 4430 35100 663.00 967.00 42200 52400 52000 11.10 37200 13600 502 291.00
200050  PARADISE COVI-REP 2 1462 3/6/95° 37 -900 -900 900 -900 900 -900 -900 900 -900 -900 900 -900 -900 -9.00
200050  PARADISE COVE-REP 3 1463 3/6/95 A7 900 900 -900 -900 900 900 900 900 900 900 900 900 -900 -9.00
200120 N.SOUTH BAY REF.-REP 1 1472 3/6/95 a7 695 561 2410 60.00 18200 17000 7070 15600 99.40 987 6580 2330 -800 172.00
200130 N. SOUTH BAY REF.-REP 2 1473 3695 27 772 898 2460 7570 227.00 20300 8$2.70 188:00 12000 892 80.20 4450 -8.00 201.00-
200130 N SOUTH BAY REF.-REP 3 1474 - 3605 37 - 837 559 2730 69.10 - 207.00 18600 77.80 "178.00 11100 896 7140 30.50 -8.00 192.00
200120 TREASURE ISLAND-CLIPPER COVE 1471 3795 3T 900 900 900 900 900 900 -900. 900 -900 -900 900 900 -9.00 -9.00
200140 S SOUTH BAY REF.-REP 1 1475 37995 a7 983 898 3830 101.00 263.00 227.00 87.20 18500 13000 870 9500 30.00  -800 261.00
200140 S SOUTH BAY REF.-REP 2 1476 377195 37 1360 978 5540 125.00 287.00 24400 96.60 19500 14000 8.86 12200 3460 -8.00 315.00
200140 S, SOUTH BAY REF.-REP 3 77 3795 7. 1530 901 4910 124.00 278.00 23600 9560 194.00 14000 940 11500 3410 -8.00 316.00
200090 TOMALES BAY-MARCONI COVE-REP 2 I 3R9S A7 900 900 900 900 900 900 -9.00 - 900 900 900 900 900 900 -9.00
00060 SAN PARLO BAY-TUBBS I1S.-REP 1 1467 -~ 4495 27 572 800 20,10 S6.30 16800 13600 64.50 13800 9230 837 5860 -2310 K00 161.00
00060 SAN PARBLO BAY-TUBBS IS.-REP 2. 1168 .. 3395 27 900 900 900 900 -9.00 -9.00 900 . 900 900 900 900 -9.00 -9.00 900
200060 . SAN PABLO BAY-TUBRBS IS.-REP 3 1469 4.4.95 37 900 900 900 900 -9.00 -‘).(m -9.00 -9.00 900 900 -9.00 -9.00 -9.00 Q.00
00070 SAN PABLO BAY-ISLAND 41-REP ) 1464 4495 7 SB00 K00 12,10 4840 12200 11100 47.90. 10800 T0.50 651 56.10 1990 K00 146.00
'Z(N)(ﬂ_(l SAN PABLO BAY-ISLAND #1-REP 2 1465 4495 37 D00 900 900 900 -9.00 -9.00 -9.00 9.0 900 900 -900 -9.00 -0.00 -9.00
20007.0 SAN PARBLO BAY-ISILAND #1-REP 2 166 $-4°95 i7 0900 900 900 000 -9.00 -9.00 -9.00 D00 900 900 -9.00 -9.00 -9.00

<9.00



STANUM

STATION

IDORG

DATE

PAH Analysis (ppb-ng/g) (con't.)

LEG

NPH

) FLU IND MNP1 MNP2 MPHI ‘PHN PER PYR TMN PAHBATCH SODATAQC

200080 BOLINAS-AUDUBON CYN.-RIP1 1228 42594 31 900 900 900 -9.00 9.00 900 -960 -900 900 9060 9.00 -9
20008.0 BOLINAS-AUDUBON CYN.-REP 2 1229  4/25:94 R 900 900 900 -9.00 9.00 900 900 -900 -900 900 -9.00 -9
20008.0  BOLINAS-AUDUBON CYN.-RFP 3 1230 42594 31 900 900 - 900 -9.00 900 900 -900 -900 900 -9.00 -9.00 9 .
200050 PARADISE COVE-REP | 1219 472594 31 9.80 23900 833 15.40 16,10 32,60 105.00 94.10 309.00 -860 73.36 - -4
20005.0  PARADISE COVEREP 2 1220 42594 Rl 984 20100 TN 14.00 1500 0.70 10100 9180 27600 -800 73.36 -4
200050 PARADISE COVE-REP 3 1221 42594 3 10.60 189.00 797 14.50 1500, 2680 111.00 R9.80 32000 -8.00 73.36 -4
200090 TOMALES BAY-MARCONI COVE-REP | 1221 42694 R 9.00 900 900 -9.00 900 900 -900 -900 900 900 9.00 -9
200000 TOMALES BAY-MARCONI COVE-REP 2 1232 42694 R 9.00 900 900 -9.00 900 900 900 -900 -9.00 - 900 -9.00 -9
20009.0  TOMALES BAY-MARCONICOVE-REP 3 1233 426:94 31 900 900 900 9.00 - 900 900 900 -900 -900 900 -9.00 -9
200060 SAN PABLO BAY-TUBRBS IS.- REP 1 1222 4726194 31 741 13600 701 12.70 893 21.10 5650 96.10 176.60 -8.00 73.36 -4
20006.0 SAN PABLO BAY-TUBBS IS.- REP 2 1223 4/26/94 kil 837 139.00 6.81 13.50 11.50  21.50 68.20 9340 18200 -8.00 73.36 -4
200060 SAN PABLO BAY-TUBBS IS.- REP 3 1224 4/26/94 3 6.81 13200 695 13.40 928 19.80 54.10 9190 17200 -8.00 73.36 4
200070 SANPABLOBAY-ISLAND #1-REP 1 - 1225 412794 3 -8.00 9450 522 10.20 712 1590 4100 6470 13700 -8.00 73.36 -4
200070 SAN PABLO BAY-ISLLAND #1-REP 2 1226 472794 31 527 9510 562  10.80 7.9 1490 47.10 6250 137.00 -8.00 73.36 -4
20007.0  SAN PABLO BAY-ISLLAND #1-REP 3 1227 4/27/94 31 675 12800 7.15 11.60 10.50 2190 70.20 7550 187.00 -8.00 7337 ¢ -4
20009.0  TOMALES BAY-MARCONI COVE-REP 1 1407 9/6/94 35 -9.00 900 -9.00 -9.00 9.00 900 900 -900 900 900 -9.00 -9
20009.00  TOMALES BAY-MARCONI COVE-REP 2 1408 9i6/94 35 -9.00 -9.00 -9.00 9.00 9.00 900 -900 900 900 -9.00 9.00 9
20009.0  TOMALES BAY-MARCONI COVE-RFP 3 1409 9/6/94 35 900 900 -9.00 -9.00 900 900 900 900 900 900 -9.00 9
20011.0  ISL.AIS CREEK 11 96/94 25 900 900 -9.00 -9.00 900 900 900 -900 900 900 9.00 9
200050 PARADISE COVE-REP 1 1398 977:94 35 9.00 900 900 -9.00 900 900 900 -900 900 -900 -9.00 9
20005.0  PARADISE COVE-REP 2 1399 9:7:94 35 900 900 900 -9.00 900 900 900 900 -900 -9.00 -9.00 -9
200050 PARADISE COVE-REP 3 1400 977:94 35 9.00 900  -9.00 “9.00 9.00 900 900 -900 900 -9.00 -9.00 -9
20007.0 SAN PABLO BAY-ISLAND #1-REP 1 1404 9:7/94 35 9.00 900 900 -9.00 9.00 900 900 -900 900 -900 --9.00 -9
20007.0  SAN PABLO BAY-ISLAND #1-REP 2 1405 97794 35 9.00 900 900 “9.00 900 900 900 900 -900 -9.00 9.00 9
20007.0.  SAN PABLO BAY-ISLLAND #1-REP 3 1406 977/94 35 9.00 900 -9.00 -9.00 900 -900 900 900 960 900 -9.00 9
20006.0  SANPABLO BAY-TUBBS IS-REP 1 1401 9/8:94 35 9.00 900 -9.00 -9.00 900 900 900 900 900 900 -9.00 -9
20006.0  SAN PABLO BAY-TUBBS IS.-REP 2 1402 9/8/94 35 -9.00 900 -9.00 -9.00 9.00 -900 900 930 -9.00 -9.00 -9.00 -9
200060 SAN PABLO BAY-TUBBS IS.-REP 2 1403 9/8/94 35 9.00 -900 -9.00 -9.00 900 900 -900 900 900 900 -9.00 -9
200100 CASTRO COVE-EVSO4 1410 9/8/94 35 9.00 900 -9.00 -9.00 900 900 900 900 900 -9.00 -9.00 -9
20005.0  PARADISE COVE-REP 1 1461 2/6/95 37 14.80 548.00 10.50 19.10 15.60 3860 119.00 183.00 767.00 -8.00 74.50 -5
20005.0  PARADISE COVE-REP 2 1462 3/6/95 37 9.00 -900 -9.00 -9.00 900 -900 -900 -900 900 900 -9.00 9
200050 PARADISE COVE-REP 2 1463 3/6/95 37 9.00 -900 900 -9.00 9.00 900 900 -900 900 -9.00 -9.00 -9
200120 N.SOUTH BAY REF.-REP 1 1472 3/6:95 7 9.18 16500 7.28 13,40 11.60 2760 85.50 59.00 2100 -8.00 74.50 -5
200120 N.SOUTH BAY REF.-REP 2 473 2/6/95 27 9.57 22000 7.24 12.60 1.10 2550 90.30 66.80 25000 -8.00 74.50 -5
200130 N.SOUTH BAY REF.-REP 3 1474 2/6/95 37 953 19400 6.57 12.50 1390 25.10 95.20 60.80 238.00 -8.00 74.50 -5
200120 TREASURE ISLAND-CLIPPER COVE “um 3/7:95 27 900 900 900 -9.00 -9.00 - 900 -900 900 -900 -9.00 -9.00 -9
200140 S SOUTH BAY REF.-REP 1 1475 /795 37 9.84 206.00 596 11.60 13.60  26.10 11400 68.30 324.00 -8.00 74.50 -5
200140 S SOUTH BAY REF.-REDP 2 1476 3795 37 1290 217.00 7.01 1250 2080 29.20 161.00 7470 388.00 -8.00 74.50 -5
200140 S SOUTH BAY REV.-REP 3 1477 2795 7 13.80 21300 8.04 1430 2190 3410 167.00 72,10 39600 -8.00 74.50 -5
20009.0 TOMALES BAY-MARCONI COVE-REP 2 1470 3895 37 9.00 900 900 -9.00 -9.00 900 -900 -900 900 -9.00 -9.00 -9
20006.0  SAN PABLO BAY-TUBRS IS.-REP | 1467 4/4-95 37 770 14500 6.61 12.60 99 21.30 69.10 9370 205.00 -8.00 74.50 -5
200060 SAN PABLO BAY-TUBBS IS.-REP 2 1468 4495 37 -9.00 900 900 -9.00 -9.00 900 900" -900 -9.00 900 -9.00 -9
200060 SAN PABLO BAY-TUBRS IS -REP 3 1469 4495 37 .00 900 900 -9.00 900 900 900 900 960 900 0900 -9
20007.0 SAN PABLO BAY-ISLAND #1-REP 1 1464 4:4.95 37 5.46  108.00 5.55 10.80 6.81 18.40  56.00 © 71.90 176.00 -8.00 74.50 -5
20007.0  SAN PABLO BAY-ISLAND #1-REP 2 1465 4°4:95 37 -9.00 900  -9.00 -9.00 900 -9.00 900 900 900 900 -9.00 -9
20007.0  SAN PABLO BAY-ISLAND #1-REP 3 1466 4495 37 -9.00 900 900 -9.00 -9.00  -9.00 900 -9.00 900 -9.00 -9
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rCB Concentraﬁons



PCB Congener Analysis (ppb-ng/g)

PCB31

STANUM STATION IDORG DATE LEG PCBS PCBS PCBIS PCBIS PCB27 . PCB28 POB29 . PCB44 PCB49 PCBS2 PCB66 PCRB70 . PCB74
200080 BOLINAS-AUDUBON CYN-REDP | 1228 42504 31 -9.000 9000 -9000 -0000 -9000 -9000 -9000 -9000 -9.000 -9.000 -9000 -9.000 -9.000 -9.000
200080  BOLINAS-AUDUBON CYN.-REP 2 1229 472594 31 9000 9000 9000 9000 9000 9000 -9.000 9000 9000 -9000 -9.000 -9000 9000 -9000
200080  BOLINAS-AUDUBON CYN.-REDP 3 1230 42594 31 -0000 9000 9000 9000 -9000 9000 9000 -9000 9000 9000 -9000 -9.000 9000 9000
200050 PARADISE COVE-REP 1 1219 42594 31 -8000_ -8000 -8000 -8.000 8000 - -8000 -8.000 -8.000 -8000 -8000 -8.000 -8.000 -R000 -8.000
200050  PARADISE COVE-REP 2 1220 42594 31 . -8000 -8000 -8000 -8000 -8.000 -8000 -8000 -8.000 -3.000 -8000 -8.000 -8000 -8000 -8.000
200050 PARADISE COVE-REP 2 1221 4725/98 31 -8.000 -8000 -3.000 -8000 8000 -8000 8000 8000 -8000 -8000 -8.000 -8.000 -8000 -8000 .
200000 TOMALES BAY-MARCONI COVE-REP | 1230 42694 31 9000 9000 9000 9000 -9000 -9.000 9000 90600 9000 9000 9000 -9.000 -9000 -9.000
200000 TOMALES BAY-MARCONI COVE-REP 2 1232 42694 31 9000 -9000 -9000 9000 9000 9000 -9.000 -9000 9000 90600 -9000 -9000 -9.000 -9.000
200090  TOMALES BAY-MARCONI COVE-REP 3 1223 4i26/94 31 -9000 -9.000 -9000 9000 -9000 -9000 9000 -0000 -9000 9000 -9000 -9000 -9000 -9.000
200060 SAN PABLO BAY-TUBBS IS.- REP 1 1222 472694 31 -8000 8000 -8000 -R000  -B000  -RO00  -8.000 _-8000 -R000 8000 8000 -R000 8000 -8.000
200060 SAN PABLO BAY-TUBBS IS.- REP 2 1223 426/94 31 -8000 -8.000 -8000 -8000 -8000 -8000 -8.000 -8.000 ~-8.000 -8000 -8000 -8000 -8000 -8.000
200060 SAN PABLO BAY-TUBBS IS.- REP 3 1224 472694 31 -8000 -8.000 -8000 8000 -8000 -8.000 -8.000 -8.000 -8000 8000 -8000 -HOOD -ROO0  -8.000
200070 SAN PABLO BAY-ISLAND #1-REP | 1225 42794 31 -8.000 -8000 8000 -8000 -8000 -8000 -8000 -8000 -8000 -8000 -8000 -8000 -8000 -3000
200070 SAN PABLO BAY-ISLAND #1-REP 2 1226 42794 31 -R000 -8000  -8.000 8000 8000 -$000 -R000 8000 -$000 8000 -8000 -8000 8000 -8.000
20007.0  SAN PABLO BAYISLAND #1-REP 3 1227 42794 31 -8.000 -R000  -B000 8000 -8.000 -8000 8000 -8000 -8000 -8000 -8000 -8000 -8.000 -3.000
200090 TOMALES BAY-MARCONI COVE-REP | 1407 9694 35 9000 9000 9000 9000 9000 9000 9000 -9000 9000 9000 -9000 9000 -9000 -9000
200000 TOMALES BAY-MARCONI COVE-REP 2 1408 9694 35 -9.000 -9000 9000 -- 9000  -0.000- - -0.000 -9.000- —0.000 9000 9000 -9000. -9000 --9000 - -9.000
200090 TOMALES BAY-MARCONI COVE-REP 3 1400 9693 35 29000 0000 9000 9000 9000 9000 9000 -9000 9000 -9000 9000 9000 -9000 -9.000
200010 ISLAIS CREEK 1411 9693 35 -9000 -9.000 9000 9000 9000 9000 9000 -9000 9000 9000 9000 9000 -9000 -9.000
200050  PARADISE COVE-REP | 1308 9704 35 9000 9000 9000 - 9000 9000 9000 -9000 -90600 -9.000 9000 9000 -9000 -9.000- -9.000
200050 PARADISE COVE-REP 2 1399 9794 35 9000 9000 9000 -9000 -9000 -9000 -9.000 -9000 -9000 9000 -9.000 9000 -9.000 -9.000
200050 PARADISE COVE-REP 3 1400 97794 35 20000 -9000 9000 9000 9000 9000 9000 -9000 9000 9000 -9000 -9000 -9.000 -9.000
200070 SAN PABLO BAY-ISLAND #1-REP 1 1404 97:94 3 L0000 29000 9000 9000 9000 9000 9000 9000 -9.000  -9000 9000 -9000 -9.000 -9.000
200070 SAN PABLO BAY-ISLAND #1-REP 2 1405 9794 35 -9000 9000 -9.000 9000 -0000 -9000 -9.000 -9000 9000 -9000 9000 -9000 -9.000 -9.000
“20007.0  SAN PABLO BAY-ISLAND #i1-REP 3 1406 97794 35 29000 29000 9000 9000 -9000 9000 -9.000 -9.000 -9000 -9000 -9000 . -9.000 -9.000 -9000
200060 SAN PABLO BAY-TUBBS IS.-R1P 1 1401 9494 35 0000 -9.000 9000 9000 9000 9000 9000 -9000 -9000 9000 -9000 -9000 -9.000 .-9.000
200060  SAN PABLO BAY-TUBBS IS.-REP 2 1402 9894 35 9000 9000 9000 9000 90600 -9000 -9.000 --9060 -9000 -9000 -9000 -9000 -9.000 -9.000
200060 SAN PABLO BAY-TUBBS IS.-REP 3 1403 9894 35 -9000 9000 9000 9000 9000 -9000 -9000 -9000 -9000 9000 -9.000 -9000 ' -9.000 -9.000
200100 CASTRO COVE-EVSOJ4 1410 9894 35 0000 -9.000 -9.000 9000 -9000 9000 -9.000 -9000 9000 9000 -9000 -9000 -9.000 -9.000
200050 PARADISE COVE-REP 1 1461 36/95 37 -8000 -8.000 -8000 -8000 -8.000 -8.000 -8.000 -8.000 -8000 8000 0000 -8000 -8.000 -8.000
200050  PARADISE COVE-REP 2. 1462 36/95 37 9000 9000 9000 -9000 9000 9000 -9000 -9000 9000 -9000 -9.000 -9000 -9.000 -9.000
20005.0  PARADISE COVE-REP 3 1463 3/6/95 37 9000 9000 -9000 -9000 9000 -9000 -9000 -9000 -9000 -9.000 -9000 -9.000 -9.000 -9.000
200120 N. SOUTII BAY REF.-REP 1 1472 36/95 37 -8000 -8.000 -8000 -8000 -8.000 -8.000 -8000 -8000 -8000 -8.000 -8000- -R000 -8.000 -8.000
200130 N.SOUTH BAY REF.-REP 2 1473 3695 37 8000 -8000 -3000 - 8000 -8000 -8.000. -8000 8000 8000 -8000 8000 8000 -8.000 -8.000
200120 N. SOUTH BAY REF.-REP 3 1474 3605 37 -8.000 -8.000 -8.000 --8000 -8000 8000 -8.000 --8000 -8000  -8000 -8.000 --8.000 -8000 -8.000
200120 TREASURE ISLAND-CLIPPER COVE 1471 3705 37 9600 9000 9000 9000 9000 -9000 9000 -9000 -9000 9000 9000 -9.000 9000 -9.000
200140 S SOUTH BAY REF.AREP 1 1475 3795 37 -8000 -8.000 5000 8000 -8000 8000 -8000 -8.000 -8000 -8000 8000 -8.000 -8.000 - -8.000
2000130 S SOUTHEBAY REF.-REP 2 1476 X795 37 8000 -8000 8000 -8000 -8000 -8000 -BOO0 -BO00  -BO00  -8000 8000 -8.000 8000 -8.000
200140 S SOUTH BAY REF-REP 3 1477 3795 37 8000 -8000 -8000 -8000 8000 -8000 -8000 -8000 -8000 -8000 8000 -8000 -2.000. -8.000
200090  TOMALES BAY-MARCONI COVE-REP 2 1470 3%05 37 9000 -9000 9000 9000 9000 -9000 -9000 9000 -9000 9000 9000 -9000 -9.000 -9.000
200060 SAN PARLO BAY-TUBBS IS.-REP 1 467 4495 37 8000 -8.000 -8000 8000  -R000 -8000 -RO00  -8.000 -8.000 8000 8000 8000 -RO000  -8.000
200060 SAN PABLO RAY-TUBBS IS.-REP 2 68 4495 3T L0000 9000 9000 9000 9000 9000 9000 9000 -0000 9000 9000 -0000 -9000 -9000
200060 SAN PARLO BAY-TUBRBRS IS-REP R 1469 4495 7 -0.080 0000 -9.000 -9.000 -9.000 -9.000 <9.000 -0.000 -9.000 -9.04) -9.000 -9.000 -9.000 -9.000
200070 SAN PARLO RAY-ISLAND #1-RI'P 1 1464 4498 37 -8.000 -g.000 -8.000 -R.000 -8.000 -8.000 -8.000 -8.000 -8.000 -§.000 -8.000 -8.000 -8.000 -8.000
20007.0 SANPABLO BAY-ISLAND #1-REP 2 1465 34495 37 <9000 9000 9000 -9.000 -9.000 -9.000 -9.000 ~9.000 -9.000 -9.000 -9.000 9000 29000 29000
200070 SAN PARLO BAY-ISEAND #1-REP 3 IJ()(\‘ 4395 7 -90.000  -9.000  -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 <9.000 -9.000 -9.000 ~9.000 -9.000 -9.000




PCB Congener Analysis (ppb-ng/g) (con't.)

STANUM  STATION IDORG DATE LEG PCBS7 PCB9S PCB97 PCB99 PCBI01 PCB105S PCB110 PCBI18 PCBI128 PCB132 PCB137 . POBI138
200080 BOLINAS-AUDUBON CYN.-REP 1 1228 42594 31 9.000 9000 9000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
200080 BOLINAS-AUDUBON CYN.-REP 2 1229 472594 2] 9.000 9000 9000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
20008.0  BOLINAS-AUDUBON CYN.-REP 3 1230 42594 3 -9.000 9000 9000 -9.000 -9.000 -9.000 -9.000 -9.000 - -9.000 9.000  -9.000 -9.000
200050 PARADISE COVE-REP 1 1219 4/25/04 21 -8.000 0.714 -8.000 0516 0.943 -8.000 1.210 0.886 -8.000 -8.000 -8.000 2.090
200050 PARADISE COVE-REP 2 1220 4/25/94 R3] -8.000 0.568 -8.000  -8.000 0.729 -8.000 0.988 0.714 -8.000 -8.000 -8.000 1.750
20005.0  PARADISE COVE-REP 3 1221 4/25/94 ki -8.000 0574 -8.000  -8.000 0.725 -8.000 0.980 0.678 -8.000 -8.000 -8.000 1.760
200090 TOMALES BAY-MARCONI COVE-REP 1 1231 4:26/94 21 9.000  -9.000  -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
20009.0  TOMALES BAY-MARCONI COVE-REP 2 1232 42694 3t 9000  -9.000 9000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
20009.0  TOMALES BAY-MARCON! COVE-REP 3 1233 4/26:94 31 9.000 29000 -9.000  9.000  -9.000 -9.000 -9.000 -9.000 -9.000 -9.600 - -9.000 . -9.000
20006.0  SAN PABLO BAY-TUBBS IS.- REP | 1222 4/26/94 21 -8.000 -8.000 -8000 -8.000 0513 -8.000 0.714 0.511 -8.000 . -8.000 -8.000 1.350
20006.0  SAN PABLO BAY-TUBBS IS.- REP 2 1223 426/94 21 -8.000  -2000 -8000 -8.000  -8.000 -8.000 0.647 -8.000 -8.000 -8.000 -8.000 1.290
200060  SAN PABLO BAY-TUBBS IS.- REP 3 1224 . 4/26/94 31 -8.000  -8000 -8.000 -8.000 0.509 -8.000 0.684 -8.000 -8.000. -8.600 -8.000 1.390-
200070 SAN PABLO BAY-ISLLAND #1-REP 1 1225 472794 2 -8.000  -8000 -8.000 -8.000 -8.000 -8.000 0.523 . -8.000 -8.000 -8.000 -8.000 1.030
20007.0  SAN PABLO BAY-ISLAND #1-REEP 2 1226 42794 21 -8.000 -8000 -8.000 -8.000 -8.000 -8.000 0.563 -8.000 -8.000 8000 . -8.000 1.030
20007.0  SAN PABLO BAY-ISLAND #1-REP 3 1227 42794 R} -8000 8000 -8.000 -8.000 -8.000 -8.000 0.633 -8.000 -8.000 -8.000 -8.000 1.200
200000 TONMALES BAY-MARCONI COVE-REP | 1407 916194 35 9000 9000 9000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 9.000 -9.000 -9.000
20009.0  TOMALES BAY-MARCONI COVE-REP 2 1408 9:6.94 35 9.000 9000 -9.000 -9.000 ~9.000 -9.000 29,000 -9.000 -9.000 "-9.000 -9.000 <9.000
200090 TOMALES BAY-MARCONI COVE-REP 2 1409 9:6:94 35 9.000 9000 9000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
200110, ISLAIS CREEK 1411 2/6/94 35 -9.000 9000 9000 9000 -9000 -9.000 -9.000 -9.000 -9.000 9,000 -9.000 -9.000
200050  PARADISE COVE-REP 1 1398 9/7/94 35 9.000  -9.000 -9.000 -9.000 <9.000  -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
20005.0  PARADISE COVE-REP 2 1399 97194 35 9.000 9000 9000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
20005.0  PARADISE COVE-REP 3 1400 97/94 35 9.000 9000 -9.000 -9.000 -9.000 -9.000 -9.000. -9.000 9000 -9.000 -9.000 - -9.000
20007.0 SAN PABLO BAY-ISLAND #1-REP 1 1404 9:7:94 35 -9.000 9000, -9000 -9.000 -9.000 -9.000 -9.000 -9.000 . -9.000 ~9.000 -9.000 -9.000
20007.0  SAN PABLO BAY-ISLAND #1-REP 2 1405 9i7:94 35 9000 9000 -9000 -9.000 9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
20007.0 SAN PABLO BAY-ISLLAND #1-REP 3 1406 97194 a5 9.000 9000 9000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
200060  SAN PABLO BAY-TUBBS IS.-REP 1 1401 9/8/94 35 9.000 9000 -9.000 -9.000 9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
20006.0  SAN PABLO BAY-TUBRBS {S.-REP 2 1402 9/8/94 25 -9.000  -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 9.000 = -9.000 -9.000 -9.000 -9.000
20006.0  SAN PABLO BAY-TUBBS IS.-REP 3 1402 9/8:94 35 9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
20010.0  CASTRO COVE-EVSO4 1410 978/94 35 -9.000 9000 9000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
200050  PARADISE COVE-REP 1 1461 2695 7 -8.000 0.769 -8.000 0.581 0.998 -8.000 1.130 0.800 -8.000 -8.000 -3.000 2.180
20005.0  PARADISE COVE-REP 2 1462 3/6/95 37 9.000 9000 9000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 9.000
200050  PARADISE COVE-REP 3 1463 3/6/95 7 9.000 9000 9000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
200120 N SOUTHBAY REF -REP } 1472 /695 k¥ 8000 8000 8000 -8.000 0.579 -8.000 0.670 0.322 -8.000 -8.000 8000 .1.620
20013.0  N.SOUTH BAY REF.-REP 2 7R 2i6:95 7 -8.000 8000 -8.000 -8.000 0.697 -8.000 0.818 0.961 -8.000 -8.000 -8.000 1.690

. 200020 NCSOUTTHE BAY REF -REP R 74 26,95 37 -8.000  -8000 -8000 -8.000 0.553 -8.000 077 0.853 -8.000 -8.000 -8.000 1.630
200120 TREASUREISLAND-CLIPPER COVE 1471 3798 37 9000 9000 9000 9000 9.000 -9.000 -9.000 -9.000 -9.000 9.000 -9.000 -9.000
200140 S SOUTH BAY REF.-REP 1 1475 377195 27 8000  -8.000  -8000  -8.000 0.529 -8.000 0.769 . 0.722 -8.000 -8.000 -8.000 1.700
200140 S SOUTH BAY REF.-REP 2 1476 798 7 -8.000  -8.000 -8.000 -8.000 0.544 -8.000 0.769 0.680 -8.000 -8.000 -8.000 1.650
200840 5 SOUTH BAY REF-REP 2 1477 U795 37 -8.000 -8.000 -8000 0541 0.574 -8.000 0.851 0.748 -8.000 -8.000 -8.0600 1.810
200090 TOMALES BAY-MARCONI COVE-REP 2 1470 3805 37 -9.000 9000 -9.000  -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
200060 SAN PABLO BAY-TUBBS IS.-REP 1 1467 4495 37 -8.000 0.506 -8.000  -8.000 0.7 -8.000 0.944 0.754 -8.000 -8.000 -8.000 1.680
200060 SAN PARLO BAY-TUBRRS IS -REP 2 tH6R 4495 37 9000 L9000 0000 L9000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
200060 SAN PABLO BAY-TUBBS IS-REP 3 1469 4495 27 -9.000 9000 29000 29,000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
200070 SANPARLO BAY-ISLAND #1-REDP @ 1464 4495 37 B000  -R000 8000 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 0.955
2000760 SAN PARLO BAY-ISLAND «1-REP 2 1465 4408 37 2000 9000 9000 29,000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -2.000 -9.000
0070 SAN PARLO BAY-ISLAND #1-REP 3 1466 4495 37 -0.000 29000 -9.000  -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000




. 4 * '
PCB Congener Analysis (ppb-ng/g) (con't.)

STANUM STATION . - ) - IDORG DATE - LEG- PCB149 PCBISI PCBIS3 POCB1S6 PCB1IS7 POBISS. PCB170 PCOBI74. PCB177 PCBIS0 PCBIS3
20008.0 . BOLINAS-AUDUBON CYN.-REDP | 1228 42594 3} -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
20008.0  BOLINAS-AUDUBON CYNL-REP 2 1220 42594 -9.000 29.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
200080  BOLINAS-AUDUBON CYN.-REP 3 1230- 42594 31 9000, -9.000 -9.000 -9.000 -9.000 9000 -9.000 -9.000 -9.000 -9.000 -9.000
200050 PARADISE COVE-REP 1 1219 42594 31 1.270 -8.000 1.830 -8.000 -8.000 -8.000 . 0549 - -8.000 -8.000 1.230 -8.000
200050 PARADISE COVE-REP 2 . 1220 42594 31 1.040 -8.000 1.530 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 1.140 -8.000
20005.0  PARADISE COVE-REP 3 1221 42594 ) 1.040 -8.000 1.470 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 0.928 -8.000
200090  TOMALES BAY-MARCONI COVE-REP 1 ' 1231 42694 X1 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 °
200090  TOMALES BAY-MARCONI COVE-REP 2 1232 42694 31 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
20009.0  TOMALES BAY-MARCONI COVE-REP 3 1233 426194 31 -9.000 -9.000 -9.000 -9.000 9.000 9.000 -9.000 -9.000 -9.600 -9.000 -9.000
20006.0  SAN PABLO BAY-TUBBS IS.- REP 1 i 1222 426194 31 0.769 -8.000 1.110 -8.000 -8.000 -8.000 -8.000 8000  -8.000 0.656 -8.000
200060  SAN PABLO BAY-TUBBS 1S.- REP 2 R P7X) 26194 31 0.712 -8.000 1.070 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 0.622 -8.000
200060  SAN PABLO BAY-TUBRS IS.- REP 3 1224 42694 X1 0.802 -8.000 1.180 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 1.020 -8.000
200070 SAN PABLO BAY-ISLAND #1-REP1 - - 1225 42794 31 0.632 -8.000 0.911 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 0673 -8.000
200070 SAN PABLO BAY-ISLAND #1-REP 2 1226 42794 ") 0617 -8.000 0.911 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 0.561 -8.000
200070  SAN PABLO BAY-ISLAND #1-REDP 3 1227 42794 X 0.692 -8.000 1.050 -~ -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 0.622 -8.000
20002.0  TOMALES BAY-MARCONI COVE-REP 1 1407 9694 35 -9.000 -9.000- -9.000 -9.000 -9.000 9.000 -9.000 -9.000 -9.000 -9.000 -9.000
20009.0  TOMALES BAY-MARCONI COVE-REP 2 408 91694 © 3§ 9.000 9.000 -9.000 9.000- 90000  9000- -9.000 9000 - 9000 ~-9000 --9.000
200090 TOMALES BAY-MARCONI COVE-REP 2 1909 91693 35 -9.000 -9.000 -9.000 9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 9.000
20081.0  ISLAIS CREEK . 411 9694 35 9000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
20005.0  PARADISE COVE-REP | ’ 1308 917947 3§ -9.000 -9.000 9.000 -9.000 9000 9000 ° 9000 . -9.000 -9.000 =9.000 -9.000
20050 PARADISE COVE-REP 2 1399 9:794 35 -9.000 .000 -9.000 -9.000 29,000 -9.000 9.000 29000 -9.000 -9.000 -9.000
200050 PARADISE COVE-REP 3 SO0 9794 s -9.000 9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
200070 SAN PABLO BAY-ISLAND #1-REP | 1404 9794 35 -9.000 9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 29,000
20007.0  SAN PABLO BAY-ISLAND #1-REP 2 o 1405 9/7.93 35 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 9,000 9000  -9.000 -9.000 9.000
20007.0 SAN PABLO BAY-ISLAND #1-REP 3 B 1406 9:7:94 35 ~9.000 0000 -9.000 -9.000 -9.000° -9.000 9000 9000 -9.000 9,000 -9.000
200060 SAN PABLO BAY-TUBBS IS-REP 1 1401 91894 35 9.000 9000  -9.000 -9.000 -9.000 -9.000 9000  -9.000 -9.000 -9.000 9.000
200060 SAN PABLO BAY-TUBBS IS.-REP 2 1402 9i8/94 35 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 9000 9000 -9.000 -9.000 -9.000
20006.0  SAN PABLO BAY-TUBBS 1S -REP 3 1403 9494 35 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 9000 . -9.000 -9.000
200100 CASTRO COVE-EVSO4 ) 1410 9i894 K} -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
200050 PARADISE COVE:REP 1 : 461 3695 37 1.540 - 0512 1.770 -8.000 -8.000  --8.000 -8.000 -8.000 -8.000 1.060 -8.000
200050 PARADISE COVE-REP 2 1462 3695 37 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
200050 PARADISE COVE-REP 2 1463 2695 37 -9.000 -9.000 -9.000 9000 -9.000 -9.000 9.000 -9.000 -9.000 -9.000 -9.000
200136 N.SOUTH BAY REF.-REP 1 - 1472 2695 37 0.784 -8.000 1.520 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 0866  -8.000
200130 N SOUTHBAY REF.-REP 2 - 473 2695.- 37 -0.818 -&:000 - 1.550 -8.000 8000 - -R.000 -8.000 -8.000 - -8.000 0.83  -8.000
200130 N SOUTHBAY REF-REP 3 - 1474 3695 37 0785 -8.000 “1.530 -8.000° 8000 -8.000 000 © 8000  :8.000 0.828 -8.000
200120 TREASURE ISLAND-CLIPPER COVL 1471 3795 37 9000 9000 -9.000 9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
200140 S SOUTH BAY REF-REP 1 ’ 1S 2795 37 0.973 8000 - 1.420 -8.000 000 -8.000 -8.000 -8.000 -8.000 0847 - -8.000
200140 S.SOUTH BAY REF.-REP 2 1476 3795 37 0.960 -8.000 1.360 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 0.784 -8.000
200140 S SOUTH BAY REF.-KEP 3 1477 3708 37 1.030 -8.000 1.420 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 0.807 -8.000
200000 TOMALES BAY-MARCONI COVE-REP 2 1470 39S 37 -9.000 -9.000 -9.000 -9.000 -9.000 9,000 -9.000 -9.000 -9.000 -9.000 -9.000
200060 SAN PABLOBAY-TUBBS IS.-REP | ) 1467 4395 37 1010 -8.000 1.240 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 0.633 -8.000
200060 SAN PARLO BAY-TUBBS IS.-REP 2 1468 #9958 37 -9.000 9.000 9,000 -9.000 29,000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
200060 SAN PABLO BAY-TUBBS IS.-REP 3 1469 4498 37 -9.000 9,000 9.000 -9.000 -9.000 -9.000 9.000 -9.000 -9.000 -9.000 -9.000
200070 SAN PABLO BAY-ISLAND #1-REP 1 1464 4495 37 0.585 -8.000 0.764 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000
20007.0 SAN PABLO BAY-ISLAND #1-REP 2 1465 4495 27 -0.000 -9.000 -9.000 -9.000 9.000 9000 - -9.000 -9.000 -9.000 -9.000 “9.000 -

20007.0  SAN PABLO BAY-ISLAND #1-REP 3 1466 4495 37 9.000 -9.000 -9.000 -9.000 -9.000 9.000 -9.000 -9.000 -9.000 9.000 -9.000



PCB Congener Analysis (pph-ng/g) (con't.)

CNSTANUM  STATION - : IDORG DATE  LEG  PCBI87 PCBIS9 PCBI94 PCB19S PCB201 PCB203 PCB206 PCB209 ARO1248 ARO1254  ARO1260
200080 BOLINAS-AUDUBON CYNL-REP 1 1228 425:94 1. 9000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 - -9.000 -9.000 -9.000
200080 BOLINAS-AUDUBON CYN-REP 2 1229 42594 Rl 9000 9000 9000 9.000 -9.000 -9.000 -9.000 -9.000 9,000 -9.000 -9.000
200080 BOLINAS-AUDUBON CYNC-REDP 3 1230 472594 ki -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000- 9.000
20005.0  PARADISE COVE-REP 1 1219 4/25:94 21 0.790 -9.000 -8.000 -8.000 -8.000 -8.000 -8.060 -8.000 -8.000 20.000 13.000

00050 PARADISE COVE

kP2 1220 42594 3 0.653 -9.000 -§.000 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 17.000 11.000

200050 PARADISE COVE-REP 3 : 1221 4725194 R} 0.582 -9.000 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 17.000 9.500
200098 TOMALES BAY-MARCONI COVE-REP | ’ 1231 4/26/94 R -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
200090 TOMALES BAY-MARCONI COVE-REP 2 1232 426194 3 -9.000 . . -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
20009.0  TOMALES BAY-MARCONI COVE-REP 2 1233 472694 Rl -9.000 -9.000 -9.000 -9.0600 “9.000 -9.000 -9.000 -9.000 -9.000 -9.000 . <9.000
200060 SAN PABLO BAY-TUBBS [S.- REP 1 1222 426/94 K1 -8.000 -9.000 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 13.000 7.900
20006.0  SAN PABLO BAY-TUBBS IS.- REP 2 1223 4726194 2 -8.000 -9.000 -8.000 -8.000 - -8.000 -8.000 -8.000 -8.000 -8.000 - 12.000 7.400
200060 SAN PABLO BAY-TU BBS IS.-REP 3 1224 42694 21 0.645 -0.000 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 13.000 12,000
20007.0  SAN PABLO BAY-ISLAND #1-REP 1 T 1225 42794 Kl -8.000 -9.000 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 8000 . 10.000 8.500
20007.0  SAN PABLO BAY-ISLAND #1-REP 2 1226 42794 3 -8.000 -9.000 -8.000 -8.000 - -8.000 -8.000 ° -8.000 -8.000 -8.000 10.000 6.400
20007.0  SAN PABLO BAY-ISLAND #1-REP 3 1227 42794 3 -8.000 -9.000 -8.000 -8.000 *-8.000 -8.000 -8.0600 -8.000 -8.000 11.000 6.400
200090  TOMALES BAY-MARCONI COVE-REP 1 1407 9i6/94 35 -9.000 -9.000 -9.000 9000 9000 - -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
200090 - TOMALES BAY-MARCONI COVE-REP 2 1408 96:94 35 -9.000 -9.000 -9.000 9000 - 9.000 -9.000 '<9.000 -9.000 -9.000 -9.000 -9.000
200090 TOMALES BAY-MARCONI COVE-REP 3 1409 9/6'94 35 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
20011.0  ISLAIS CREEK 1411 9/6/94 35 -9.000 -9.000 -9.000 -9.000 9.000.  -9.000 -9.000 -9.000 -9.000 -9.000 - <9.000
200050 PARADISE COVE-REP 1 1398 9794 35 -9.000 -9.000 -9.000 -9.000 9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
200050  PARADISE COVI-REP 2 1399 97794 35 9000 © 9000  -9.000 9000  -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 9.000
20005.0  PARADISE COVE-REP 3 . . . 1400 9/7/194 35 -9.000 -9.000 -9.000 9.000  -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
20007.0  SAN PABLO BAY-ISLAND #1-REP 1 1404 9/7:94 35 -9.000 -9.000 -9.000 -9.000 . -9.000 -9.000 <9.000 -9.000 9.000 - -9.000 9.000
20007.0  SAN PABLO BAY-ISLAND #1-REP 2 1405 9/7/94 a5 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 <9.000 -9.000
20007.0  SAN PABLO BAY-ISLAND #1-REP 2 : 1406 9/7/94 35 -9.000 -9.000 -9.000 -9.000 -9.000 '-9.000 -9.000 -9.000 -9.000 -9.000 -9.000
20006.0  SAN PABLO BAY-TUBBS IS.-REP 1 1401 9/894 . 35 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
20006.0  SAN PABLO BAY-TUBBS IS.-REP 2 1402 9/8/94 35 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
200060 SAN PABLO BAY-TUBRBS IS.-REP 3 1402 9/8/94 35 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 9.000 -9.000 -9.000
200100  CASTRO COVE-EVSO4 1410 9/8/94 25 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
200050 PARADISE COVE-REP | 1461 /695 37 0.727 -9.000 -8.000 -8.000 -8.000 -8.000 8000  -8.000 -8.000 17.000 14.000
20005.0  PARADISE COVE-REP 2 1462 /6/95 7 -9.000 -9.000 -9.000 -9.000 -9.000 ~-9.000 -9.000 -9.000 -9.000 -9.000 . -9.000
200050 PARADISE COVE-REP 3 1463 36195 7 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 9000  -9.000
200130 N.SOUTH BAY REF-REP 1 1472 695 7 0.616 -9.000 -8.000 -8.000° -8.000 -8.000 -8.000 -8.000 -8.000 14.000 "10.000
20013.0 N, SOUTH BAY REF.-REP 2 1473 6795 7 0.630 -9.000 ~ -B:000 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 16.000 9.600
200030 N.SOUTH BAY REF.-REP 3 1474 3695 37 0.612 -9.000 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 14.000 9.600
200120 TREASURE ISLAND-CLIPPER COVE 147 31795 27 -9.000 -9.000 -9.000 -9.000 9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
200040 S, SOUTH BAY REF-REP 1 1475 2795 37 0.588 -9.000 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 17.000 9.000
200140 S, SOUTH BAY REF-REP 2 1476 3795 37 0.544 -9.000 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 0.000 0.000 0.000
200140 S SOUTH BAY REV.-REP 3 1477 3798 37 0.574 -9.000 -R.000 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000
200090 TOMALES BAY-MARCONI COVY-REP 2 1470 RIS 37 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
200060 SAN PABLO BAY-TURRBS IS.-REP 1 1467 4408 37 -8.000 -9.000 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000° 16.000 9.400
200000 SAN PABLO BAY-TTUBBS IS.-REP 2 14068 4495 27 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
200060 SAN PABLO BAY-TUBBS IS.-REP 3 1469 4495 37 -9.000 -9.000 9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
20007.0 SAN PABLO BAY-ISLAND #1-REP 1 1464 - 4495 27 -8.000 -9.000 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 -8.000 8.200 6.300
200070 SAN PARLO BAVISLAND #1-REP 2 1465 4495 7 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000 ~93.000
200070 SAN PABLO BAY-ISLAND #1-REP 3 1466 +495 7 -9.000 -9.000 -9.000 -9.000  -9.000 -9.000 -9.000 -9.000 --9.000 -9.000 -9:000
. s




PCB Congener Analysis (ppb-ng/g) (con't.)

STATION

IDORG

STANUM: : DATE LEG -AROS460 PCBBATCH
20008.0 BOLINAS-AUDUBON CYN.-REP } 1228 4/25/94 31 -9.000 9.00 -
20008.0  BOLINAS-AUDUBON CYN.-REP 2 1229 4/25/94 21 -9.000 -9.00
200080  BOLINAS-AUDUBON CYN.-REP 2 1230 /25/94 21 © -9.000 -9.00
200050  PARADISE COVE-REP 1 1219 4/25/94 21 12.000 T3.36
200050 PARADISE COVE-REP 2 1220 472594 31 11.000 73.36
200050  PARADISE COVE-REP 3 1221 4/25/94 ki 10.000 73.36
200000 TOMALES BAY-MARCONI COVE-REP 1 1231 4/26/94 A -9.000 9.00
20009.0  TOMALES BAY-MARCONI COVE-REP 2 1232 4/26/94 3 -9.000 -9.00
200090  TOMALES BAY-MARCONI COVE-REP 3 1233 4/26/94 Rl -9.000 -9.00
20006.0  SAN PARBLO BAY-TUBBS IS.- REP 1 1222 4/26/94 3t 12.000 73.36
20006.0  SAN PABLO BAY-TUBRBS IS.- REP 2 1223 4/26/94 kY] 9.000 73.36
200060  SAN PABLO BAY-TUBBS IS- REP R 1224 4/26/94 2] 9.000 736
200070 SAN PABLO BAY-ISLAND #1-REP 1 1225 4727194 2 7.000° 7336
20007.0  SAN PABLO BAY-ISLAND #1-REP 2 1226  4/27/94 31 10.000 73.36
20007.0  SAN PABLO BAY-ISLAND #1-REP 2 1227 4/27/94 Kl 8.000 73.37
200090 TOMALES BAY-MARCONI COVE-REP 1 1407 9/6:94 35 -9.000 -9.00
200090 TOMALES BAY-MARCONICOVE-REP 2 1408 9/6/94 35 --9.000 -9.00
200090 TOMALES BAY-MARCONI COVE-REP 3 1409 96/94 . 35 ~-9.000 -9.00
20011.0  ISLAIS CREEK 1411 9/6/94 35 -9.000 -9.00 .
200050  PARADISE COVE-REP { 1398 97794 35 <9.000 -9.00
20005.0  PARADISE COVE-RIP 2 1299 9/7/94 35 -9.000 -9.00
200050  PARADISE COVE-REP 3 1400 9/7/94 35 -9.000 -9.00
20007.0  SAN PABLO BAY-ISLAND #1-REP 1 1404 977194 35 -9.000 -9.00
20007.0  SAN PABLO BAY-ISLLAND #1-REP 2 1405 9/7/94 35 -9.000 9.00
20007.0  SAN PABLO BAY-ISLAND #1-REP 3 1406 977194 35 -9.000 -9.00
20006.0  SAN PABLO BAY-TUBBS IS.-REP 1 1401 9/8/94 ° 35 -9.000 '9.00
20006.0  SAN PABLO BAY-TUBBS IS.-REP 2 - 1402 9/8/94 35 -9.000 -2.60
20006.0  SAN PABLO BAY-TUBBS IS.-REP 3 1403 9/8/94 35 -9.000 -9.60
200100 CASTRO COVE-EVSO4 1410 9/8/94 35 -9.000 9.00
20005.0  PARADISE COVE-REP 1 1461 /6/95 37 ~8.000 74.50 °
20005.0  PARADISE COVE-REP 2 1462 3/6/95 37 -9.000 -9.00
20005.0  PARADISE COVE-REP 3 1463 3/6/95 37 -9.000 -9.00
20013.0  N. SOUTH BAY REF.-REP 1. 1472 3/6/95 37 6.370 74.50
200130 N.SOUTH BAY REF-REP 2 1473 3/6/95 37 -6.000 74.50
20012.0 N SOUTH BAY REF.-REP R 474 3i6/95 7 7.000 74.50
200120 TREASURE ISLAND-CLIPPER COVE 1471 /795 7 -9.000 -9.00
200140 S SOUTH BAY REF.-RIP 1 1475 37195 37 -8.000 74.50
2000140 S SOUTH BAY REF.-REP 2 1476 3795 27 -8.000 74.50
20014.0 S SOUTH BAY REF-REP 3 1477 317:95 37 -8.000 74.50
200090 FOMALES BAY-MARCONI COVE-REP 2 1470 38195 37 -9.000 -9.00
20006.0 SAN PABLO BAY-TUBBS IS.-REP e 1467 4/4/95 37 5.180 " 74.50
20006.0  SAN PABLO BAY-TTRBS IS.-REP 2 1468 4/4/95 37 -9.000 -9.00
20006.0  SAN PABLO BAY-TUBBS IS.-REP 2 1469 4495 7 -9.000 -9.00
20007.0  SAN PABLO BAY-ISLAND #1-REP 1 1464 4/4/195 37 -8.000 74.50
20007.0  SAN PABLO BAY-SLAND #1-REP 2 1465 4:4:95 27 -9.000 -9.00

SAN PABLO BAY-ISLAND # 1-REP 3 1466 4/4:95 37 -9.000 -9.00

20007.0




Section VII

Chemistry Summations and Quotients



Chemistry Summations and Quoticnts

STANUM STATION IDORG DATE LEG TTL CHLR TTL DDT TTL PCB LMW PAH HMW PAIl TTI. PAH .ANTIMOOF, ARSENIQF.

200080 BOLINAS-AUDUBON CYN.-REP 1 1228 42594 31 -9.000 -9.00 -9.000 9.00 9.00 29.00 -9.000 -9.000
200080 BOLINAS-AUDUBON CYN.-REP 2 1220 42504 31 9000 2900 -9.000 9.00 9.00 900 - -9.000 9,000
20008.0 BOLINAS-AUDUBON CYNL-REP 3 1230 42594 3t -9.000 -9.00 -9.000 -9.00 -9.00 9.00 -9.000 <9.000
200050 PARADISE COVEREPT - 1219 42504 3 1.750 6.96 11.168 248.73 2146.90 2395.63 .0.576 017t
200050 PARADISE COVE _ 1220 4725094 3t 1.750 6.47 9516 23948 1876.10 2115.58 0.440 0.157
200050  PARADISE COVE-REP 3 1221 42594 31 1.750 5.78 9.143 241.04 1959.30 2200.34 0.504 0.121
200090 TOMALES BAY-MARCONI COVE-REP | 1231 426194 31 -9.000 9.00 -9.000 9.00 9,00 9,00 -9.000 9.000
20009.0 TOMALES BAY-MARCONI COVE-REP 2 1232 4726/94 31 -9.000 -9.00 -9.000 -9.00 -9.00 -9.00 T29.000 -9.000
200090 TOMALES BAY-MARCONI COVE-REP 3 1233 42694 31 9,000 9.00 . -9.000 -9.00 9.00 9.00 9.000 -9.000
200060 SAN PABLO BAY-TUBBS IS.- REP 1 1222 4726194 31 1.750 5.714 7.390 146.96 1242.40 1389.36 0.696 0.157
20006.0  SAN PABLO BAY-TUBBS IS.- REP 2 1223 426194 . 1 1750 . 6.24 6.732 169.19 1264.50 1433.69 0.684 0124
200060  SAN PABLO BAY-TUBBS IS.- REP 3 1224 42694 31 1.750 6.18 7.994 143.16 1222.60 1365.76 0.552 0.099
200070 SAN PABLO BAY-ISLAND #1-REP 1~ - 1225 42794 3 1.750 5.76 6.364 105.68 907.70 1013.38 0.480 0.200
20007.0  SAN PABLO BAY-ISLAND #1-REP 2 1226 472794 31 1750 6.07 6.252 119.71 927.20 1046.91 0.608 0.186
20007.0  SAN PABLO BAY-ISLAND #1-REP 3 1227 427194 3 1.750 5.95 6.622 164.08 1224.50 1388.58 0.660 0.200
200000 TOMALES BAY-MARCONI COVE-REP 1 1407 9%6/94 35 9.000 9.00 9,000 9.00 9.00 -9.00 -9.000 9.000
20009.0 BAY-MARCONLCOVE-REP 2 1408 9/6/94 - 35 -9.000 900 9.000 9.00 900 900 9000 -9.000
200000 TOMALES BAY-MARCONI COVE-REP 3 14909 96/94. . 35 -9.000 ©9.00 -9.000 900 9.00 900 9,000 -9.000
20011.0  ISLAIS CREEK 1411 9694 35 . -9.000 9,00 9.000 -9.00 9.00 9.00 -9.000 -9.000
200050  PARADISE COVE-RFP 1 . ’ 1398 9794 35 -9.000 9.00 -9.000 - 900 9.00 9.00 -9.000 9,000
200050  PARADISE COVE-REP 2 : 1399 9794 35 9.000 9.00 9,000 900 9.00 900 - -9.000 -9.000
200050  PARADISE COVE-REP 3 1400 9794 35 -9.000 9.00 -9.000 9.00 9,00 9.00 -9.000 9,000
20007.0  SAN PABLO BAY-ISLAND #1-REP { 1404 97794 35 -9.000 -9.00 9,000 -9.00 9.00 -9.00 -9.000 9.000 -
200070 SAN PABLO BAY-ISLAND #1-REP 2 1405 97794 35 -9.000 -9.00 9.000 9.00 -9.00 900 -9.000 -9.000
200070  SAN PABLO BAY-ISLAND #1-REP 3 1406 9794 35 9,000 9.00 9,000 <900 - 900 900 - 9000 -9.000
200060  SAN PABLO BAY-TUBBS IS.-RFP 1 1401 9894 35 - 9000 9.00 -9.000 9.00 -9.00 9.00 9000 -9.000
200060  SAN PABLO BAY-TUBRBS IS.-REP 2 © 1402 95894 35 9.000 9,00 -9.000 9.00 960 -9.00 - 9.000 -9.000
200060  SAN PABLO BAY-TUBBS IS.-REP 3 1403 9894 35 -9.000 -9.00 -9.000 9.00 9,00 9.00 9000 - -9.000
200100  CASTRO COVE-EVSO4 1410 9/8094 3§ -9.000 9.00 -9.000 . -9.00 900 -9.00 9.000 - -9.000
20005.0  PARADISE COVE-REP 1 . 1461 36/95 37 1.750 6.50 10.924 32432 5844.00 6168.32 0386 0.157
200050  PARADISE COVE-RFP 2 oo 1362 3695 .37 -9.000 9.00 9,000 -9.00 . 900 9.00 -9.000 9.000
200050  PARADISE COVE-REP 3 1463 36095 37 -9.000 9.00 -9.000 9.00 9.00 9.00 9000 - 9.000
200130 N. SOUTIIBAY REF.REP | 472 Mes 37 1.750 4.61 2.0 206.09 1436.20 1642.29 0.344 0.103
200120 N, SOUTH BAY RE S M7 3695, 37 1.750 439 9.364 211.53 1758.90 1970.43 0.392 . 0087
200130 N, SOUTHBAY REF.-REP 3 1474 3695 37 1.750 443 9.006 218.02 161560 - 183362 -  0.352 T 0.002
200120 TREASURE ISEAND-CLIPPER COVE 1471 3795 37 -9.000 9.00 -9.000 -9.00 -9.00 9.00 9,000 . 9000
200140 S SOUTTIBAY REF-REP1 - 1475 3795 3 1.750 4.76 £.816 251.91 1977.50 2229.41 - 0.256 0.122
200140 S SOUTH BAY REF.-REP 2 1476 3795 37 1.750 7 8.562 336.05 2238.90 257495 0.249 0.125
200140 S SOUTH BAY REF-REP 3 1477 3795 37 1.750 134 8.933 34695 2213.80 2560.75 0.264 0.130
200000 TOMALES BAY-MARCONI COVE-REP 2 1170 2895 17 -9.000 -9.00 -9.000 -9.00 -9.00 9.00 -9.000 -0.000
200006 SAN PABLO BAY-TUBBS IS.-REP 1 1467 4495 37 1.750 6.61 8268 168.96 135050 . 152046 0.448 L0137
2000060 SAN PABLO BAY-TUBRBS IS -REP 2 : 1468 149§ 7 -9.000 -0.00 9,000 -9.00 -9.00 -9.00 -9.000 -9.000
200060 SAN PABLO BAY-TURBBS IS.-REP 3 1469 4495 7 -9.000 -9.00 -9.000 -9.00 -9.00 -9.00 -9.000 -0.000
20007.0  SAN PABLO BAY-ISLAND #1-REP | 164 3495 37 1.750 778 5719 13163 1085.70 1217.33 0.292 0.181
20007.0 S.\N PABLOBAY-ISEAND #1-RIP 2 1468 4495 . 37 -9.000 -9.00 -9.000 -9.00 -9.00 -9.00 -9.000 -9.000

20007.0  SAN PABLO BAY-ISLAND #1-REP 3 . 1466 1495 37 -9.000 “9.00 -9.000 -9.00 . ~9.00 <9.00 -9.000 -9.000



Chemistry Summations and Quotients (coﬁ't.)

STANUM STATION IDORG DATE LEG ARSENIQP CADMIUQE CADMIUQP ('HROMIQE CHROMIQP COPPEROE ( OPPERQP LE I\DQE
20008.0  BOLINAS-AUDUBON CYN.-REP 1 1228 425914 31 -9.000 -9.0000 -9.0000 ~9.000 9.000 -9.00 9.00 -9.000
200080 BOLINAS-AUDURBON CYN.-REP 2 1229 425/94 31 9.000 - -9.0000 -9.0000 -9.000 -9.000 9.00 9.00 -9.000
200080 BOLINAS-AUDUBON CYN.-REP 3 1230 4/25/94 31 9.000 -9.0000 -9.0000 -9.000 9.000 9.00 9.00 -9.000
200050  PARADISE COVE-REP 1 1219 425004 31 0.288 0.0279 0.0637 0.643 1.484 0221 0.52 0.116
200050  PARADISE COVE-REP 2 1220 42594 31 0.264 0.0214 0.0487 0.592 1.365 0.19 0.47 0.099
200050 PARADISE COVE-REP 3 122t 425094 31 0.204 0.0208 0.0475 0.600 1.384 0.19 0.46 0.095
200090  TOMALES BAY-MARCONI COVE-REP 1 1231 42694 31 -9.000 -9.0000 -9.0000 -9.000 -9.000 9.00 9.00 9.000
200090  TOMALES BAY-MARCONI COVE-RED 2 1232 426/94 31 9.000 -9.0000 -9.0000 -9.000 9.000 9.00 9.00 9.000
200090 TOMALES BAY-MARCONI COVE-REP 3 1233 42694 31 9,000 -9.0000 9.0800 9.000 9.000 9.00 9.00 -9.000
200060  SAN PABLO BAY-TUBBS IS.- REP 1 1222 42694 31 0.264 0.0205 0.0468 0.559 1.291 0.24 0.61 0.133
200060 SAN PABLO BAY-TUBBS IS.- REP 2 1222 426/94 31 0.209 0.0203 0.0463 . 0.527 1.216 0.22 0.56 0122
20006.0  SAN PABLO BAY-TUBRS IS - REP 3 1224 42694 31 0.166 0.0215 0.0489 0.535 1.234 0 0.54 0.119
200070 SAN PABLO BAY-ISLAND #1-REP L 1225 427mF 1 0337 0.0253 0.0577 0524 1.209 018 0.46 0.102
20007.0  SAN PABLO BAY-ISLAND #1-REP 2 1226 42794 3 0.313 © O 0.0260 0.0594 0.546 1.259 0.20 0.49 0111
20007.0  SAN PABLO BAY-ISLAND #1-REP 3 1227 42794 31 0.337 0.0274 0.0625 0.527 _1.216 0.20 0.50 0117
200000 TOMALES BAY-MARCONI COVE-REP 1 1407 9i6i94 35 9,000 90000 . -9.0000 -9.000 .-9.000 -9.00 -9.00 -9.000
200090 TOMALES BAY-NMARCONI COVE-REP 2 1408 9694 35 9.000 -9.0000 -9.0000 9.000 9.000 9.00 900 -9.000
200090  TOMALES BAY-MARCONI COVE-REP 2 1409  9i6/93 35 -9.000 -9.0000 -9.0000 -9.000 9.000 -9.00 9.00 9.000
200110 ISLAIS CREEK 411 9691 35 -9.000 -9.0000 -9.0000 -9.000 -9.000 9.00 -9.00 9.000
200050  PARADISE COVE-REP 1 ' 13908 97794 35 -9.000 -9.0000 -9.0000 9.000 -9.000 "-9.00 9.00 -9.000
200050 PARADISE COVE-REP 2 1399 9794 35 -9.000 -9.0000 -9.0000 9000 9.000 - 9.00 9.00 -9.000
200050 PARADISE COVE-REP 3 1400 97794 35 -9.000 -9.0000 . 9.0000 -9.000 9.000 900 9.00 -9.000
20007.0  SAN PABLO BAY-ISLAND #1-REP 1 1404 - 9794 35 -9.000 . -9.0000 -9.0000 9.000 9.000 900 9.00 9.000
200070 SAN PARLO BAY-ISLAND #1-REP 2 , 405 9794 3§ 9000 -9.0000 © 90000 .-9.000 -9.000 . 900 900 " .9.000
20007.0 SAN PABLO BAY-ISLAND #1-REP 3 - 1406 9794 35 -9.000 -9.0000 9.0000 - -9.000 - 9000 900 9.00 . 9.000
200060 SAN PABLO BAY-TUBBS IS.-REP 1 ol 9Rm4 35 -9.000 9.0000 9.0000 9.000 9.000 -9.00 9.00 T 9,000
200060 SAN PABLO BAY-TUBBS IS.-REP 2 1402 OmI94 35 9,000 9.0000 .-9.0000 9.000 _ 9000 9.00 900 - 9000
200060 SAN PABLO BAY-TUBBS IS -REP 3 1403 9894 35 9.000 -9.0000 9.0000 -9.000 9000 900 -9.00 9.000
200100 CASTRO COVE-EVSO4 1410 9R94 35 9.000 -9.0000 -9.0000 -9.000 -9.000 -9.00 -9.00 9.000
200050 PARADISE COVE-REP 1 1461 3/6/95 37 0.264 0.0209 0.0477 0.530 1222 0.17 0.44 0.108
200050 PARADISE COVE-REP 2 1462 346195 37 9.000 -9.0000 -9.0000 -9.000 9,000 9.00 -9.00 -9.000
200050  PARADISE COVE-REP3 1463 36095 37 -9.000 -9.0000 -9.0000 - -9.000 -9.000 9.00 -9.00 -9.000
200030 N. SOUTH BAY REF.-REP 1 1472 3695 37 0.174 0.0156 0.0356 0.489 1.128 0.15 037 AT
200130 N SOUTH BAY REF.-REP 2 473 3695 37 0.146 0.0192 0.0437 0.503 1.160 0.14 0.36 0.105
200130 N.SOUTH BAY REF.-REP 3 1474 3695 37 0.156 0.0242 0.0551 0.522 1.203 0.14 0.35 0.106
200120 TREASURE ISLAND-CLIPPER COVE 1471 3795 37 9.000 -9.0000 -9.0000 -9.000 -9.000 -9.00 9.00 -9.000
200140 S. SOUTH BAY REF.-REP | 1475 37195 37 0.205 0.0132 0.0302 0573 1322 0.12 0.31 0.108
20014.0 S SOUTH BAY REF.-REP 2 1476 3795 37 0.211 0.0158 0.0361 0.576 1.328 0.12 0.30 0.110
200140 S, SOUTHBAY REF.-REP 3 477 3795 37 0.219 0.0150 - 0.0342 0.557 1.284 0.12 0.31 0.104
200090 TOMALES BAY-MARCONI COVE-REP 2 1470 395 37 -9.000 -9.0000 -9.0000 9.000 -9.000 -9.00 9.00 -9.000
200060 SAN PABLO BAY-TUBBS IS.-REP | 1467 4495 37 0.230 0.0203 0.0667 0.565 1.303 0.24 0.61 0.144
200060 SAN PABLO BAY-TUBBS IS-REP 2 T W68 4495 37 -9.000 -9.0000 -9.0000 -9.000 . 9.000 900 -9.00 9,000
200060 SAN PABLO BAY-TUBBS IS.-REP 2 1469 4405 37 -9.000 -9.0000 90000 . 9000 -9.000 -9.00 -9.00 -2.000

20007.0 S:
200070 SAD

PARLO BAY-ISLAND 41-REP 1 1464 4495 7 0.305 0.0247 0.0563 . 0.489 1.128 0.17 0.43 0.102

PARLO BAY-ISLAND #1-REP 2 1465 47495 37 -9.000 -9.0000 -9.0000 -9.000 -9.000 -9.00 9.00 -9.000
20007.0  SAN PABLO BAY-ISLAND #1-REP 3 . 1466 4:4.95 37 -9.000 -9.0000 . -9.0000 -9.000 -9.000 -9.60 -9.00 -9.000
» s




Chemistry Summations and Quotients (con'L)

STANUM STATION IDORG_DATE LEG LEADQP MERCURQE MERCURQP _NICKELQE NICKELQP SILVERQE_SILVERQP ZINCQE_ZINCQP
200080 BOLINAS-AUDUBON CYN-REP | 1228 42593 X1 9,000 ~9.0000 ~9.0000 5,000 9.000 -9.0000 -9.0000 90000 -9.0000
200080 BOLINAS-AUDUBON CYN.-REP 2 1220 425094 31 -9.000 -9.0000 -9.0000 -9.000 9,000 -9.0000 90000 -~ 90000  -9.0000
200080 - BOLINAS-AUDUBON CYN.-REP 2 1220 42594 31 9,000 9.0000 9.0000 -9.000 -9.000 -9.0000 90000  -9.0000  -9.0000
200050 PARADISE COVE-REP 1 : 1219 42504 31 0225 0.4944 0.5043 . 2014 T 2500 0.0892 0.1864 . 0375  0.5683
200050 PARADISE COVE-RED 2 1220 3254 31 0.192 03718 T 0373 1.802 2473 00735 . 01537 0331 05055
00050 PARADISE COVE-REP 3 1221 42594 R 0.185 03479 . 0.3549 2016 2430 0.0038 0.1960 03341  0.5055
200090 TOMALES BAY-MARCONI COVE-REP | 1221 4726034 31 .-9.000 -9.0000 9.0000 -9.000 9.000 -9.0000 -9.0000 90000  -9.0000
200090  TOMALES BAY-MARCONI COVE : 1232 42691 31 9000  -9.0000 9.0000 9.000 . 9.000 -9.0000 -9.0000 ©.0000  -0.0000
200000 TOMALES BAY-MARCONI COVE-REP 3 1233 42604 31 9,000 -9.0000 -9.0000 9,000 -9.000 -9.0000 -9.0000 90000  -9.0000
200060 SAN PABLO BAY-TUBBS IS.- REP | 1222 42694 31 - 0.258 0.4493 04583 . 2384 2874 0.0735 0.1537 - 0.4390.  0.6642
200060 SAN PABLO BAY-TUBBS [S.- REP 2 1222 12604 X 0.236 03775 - 03851 219 2.640 0.0676, 0.1412 03976  0.6015.
200060 SAN PARLO BAY-TUBBS IS.- REP 3 C1224 42604 3 0232 04070 0.4152 2.267 2734 0.0711 0.1486 03805 05756
20007.0  SAN PABLO BAY-ISLAND #1-REP | CL22s a1 3 0.199 0.3535 0.3606 1415 1.706 0.0614 0.1282 03439 0.5203
200070 SAN PABLO BAY-ISLAND #1-REP 2 1226 42794 31 - 0217 0.3789 0.3865 1.473 1.776 0.0714 0.1492 03683  0.5572
200070 SAN PABLO BAY-ASLAND #1-REP 3 1227 42791 31 0.228 0.3634 0.3707 1415 1.706 0.0719 0.1503 03561 05387
200090 TOMALES BAY-MARCONI COVE-REP 1 1407 9694 35 9,000 -9.0000 -9.0000 -9.000 9000  -9.0000 9.0000 90000  -9.0000
200090 - TOMALES BAY-MARCONI COVE-REP 2 1408 9694 35 -9.000 90000 29,0000 _ 9000 . . 9000 . -9.0000 90000  _  -9.0000 _ -9.0000
200090  TOMALES BAY-MARCONI COVE-REP 3 1400  96/94 3§ -9.000 9.0000 - -9.0000 9,000 9.000 -9.0000 -9.0000 90000  -9.0000
200110 ISLAIS CREEK 1411 9694 35 9,000 -9.0000 -9.0000 9,000 -9.000 -9.0000 9.0000 90000  -9.0000
200050  PARADISE COVE-REP 1 1398 9794 35 -9.000 -9.0000 90000 -9.000 9000  -9.0000 9.0000 90000  -9.0000
200050 PARADISE COVE-REP 2 ' 1399 97794 35 -9.000 -9.0000 -9.0000 9.000 -9.000 -9.0000 -9.0000 90000  -9.0000
200050 PARADISE COVE-REP 3 1400 9794 35 -9.000 -0.0000 -9.0000 -9.000 -9.000 -9.0000 -9.0000 90000  -9.0000
20007.0  SAN PABLO BAY-ISLAND #1-REP | 1404 9794 35 -9.000 -9.0000 -9.0000 -9.000 9000 -9.0000 -9.0000 90000  -9.0000
20007.0  SAN PABLO BAY-ISLAND #1-REP 2 1405 9794 35 9,000 -9.0000 -9.0000 9.000 -9.000 -9.0000 -9.0000 90000  -9.0000
200070 SAN PABLO BAY-ISLAND #1-REP 3 S 1406 9794 35 9000 - 9.0000 -9.0000 - -9.000 - -9.000 90000 -9.0000 90000  -9.0000
200060  SAN PABLO BAY-TUBBS IS.-REP | 1401 958194 35 -9.000 -9.0000 -9.0000 -9.000 -9.000 -9.0000 90000 -9.0000  -9.0000
200060  SAN PABLO BAY-TUBBS IS.-REP 2 1402 9894 35 9.000 -9.0000 -9.0000 . 9.000 -9.00¢ -9.0000 -9.0000 90000  -9.0000
200060  SAN PABLO BAY-TUBBS IS.-REP 3 1403 9894 3§ 9000  -9.0000 29,0000 -9.000 9000 -9.0000 -9.0000 90000  -9.0000
200100 CASTRO COVE-EVSO4 410 98094 35 9.000 -9.0000 -9.0000 9000 -9.000 9.0000 -0.0000 90000  -9.0000
200050 PARADISE COVERIP 1 1461 3605 37 0.210 03606 0.3678 1895 2285 0.0703 0.1469 03366 - 0.5092
200050  PARADISE COVE-RIP 2 1462 3605 37 9,000 -9.0000 90000 - -9.000 © 9,000 -9.0000 -9.0000 9.0000  -9.0000
200050  PARADISE COVE-REP 3 1463 3695 3T . -9.000 -9.0000 -9.0000 -9.000 9000  -9.0000 -9.0000 90000  -9.0000 '
20013.0  N.SOUTH BAY REF.-REP 1 1472 3695 3T 0216 0.3704 © 037719 1977 2383 00770 0.1610- 03268 ' 0.4945
200130 N. SOUTH BAY REF.-REP 2 1473 _ 34695 37 0.204 0.3042 _ 0.3103 -, 1.901 2202 0.0814 0.1707 03317 05018
200130 N. SOUTH BAY REF.-REP 3 W7 3695 37 0:206 0.3648 - 03721 - - 1.866 2.250 0.0732 0.1531 .. 03098 . 0.4686
200120 TREASURE ISLAND-CLIPPER COVE WM 3RS 37 9.000 -9.0000 -9.0000 -9.000 -9.000 -9.0000 90000 -~ 90000  :9.0000
200140 S, SOUTII BAY REF.-REP 1 : 1475 3795 37 0.209 02845 . 0.2902 1655 - 1.995 0.0692 0.1446 - 02976 0.4502
200140 S, SOUTH BAY REF.-REP 2 W6 3795 37 0214 0.2761 0.2816 1614 1.946 0.0700 0.1463 0.2659  0.4022
200140 S SOUTHE BAY REF.-REP 3 1477 3705 37 0201 0.2648 0.2701 1607 1.937. © 00738 0.1542 02610, 03948
200000 FOMALES BAY-MARCONI COVE-REP 2 1470 89S 37 9.000 -9.0000 -9.0000 -9.000 9,000 -9.0000 -9.0000 90000  -9.0000
200060 SAN PABLO BAY-TUBBS 1S.-REP 1 1467 4495 37 0.281 0.5423 05532 2616 S oas4 00832 0.1740 04317 06531
200060 SAN PABLO BAY-TUBBS 1S.-REP 2 1468 4405 37 -9.000 -9.0000 -9.0000 -9.000 -9.000 -9.0000 -9.0000 90000 .9.0000
200060 SAN PABLO BAY-TUBBS IS.-REP 3 1469 4495 37 -9.000 -9.0000 90000  -9.000 -9.000 -9.0000 -9.0000 90000  -9.0000
0070 SANPABLO BAY-ISLAND #1-REP 1 164 49495 37 0.198 0.3930 0.4009 1.977 2383 0.0600 0.1254 03300 05129
200070 SAN PABLO BAY-ISLAND #1-REP 2 1465, 4495 37 -9.000 9.0000 -9.0000 -9.000 -9.000 90000 - -9.0000 90000 -9.0000

20007.0  SAN PABLO BAY-ISLAND #1-REP 3 1466 4:495 27 -9.000 -9.0000 -9.0000 -9.000 -9.000 9.0000 -9.0000 -9.0000 -9.0000



Chemistry Summations and Quoticnts (con't.)

STANUM . STATION IDORG DATE LEG METSUMQE METSUMQP TTLCHLQE TTLCHLQP PPDDEQE PPDDEQP PPDDTQP TTLDDTQE

200080 BOLINAS-AUDUBON CYN.-REP | 1228 472594 Kl -9.0000 . -9.0000 -9.000 -9.000 -9.00000 -9.00000 -9.00000 -9.00
200080  BOLINAS-AUDUBON CYN.-REP 2 1229 4/2594 3 -9.0000 -9.0000- -9.000 -9.000 900000  -9.00000 -9.00000 9.00
200080 BOLINAS-AUDURBON CYN.-REP 3 1230 4/2594 31 -9.0000 -9.0000 ’ -9.000 T -9.000 -9.00000 -9.00000 -9.00000 -9.00
200050 PARADISE COVE-REP 1 1219 42594 . 31 471 6.3397 0.292 0.365 0.07407 0.00534 0.10482 - 0.15
200050 PARADISE COVE-REP 2 1220 4/25/94 K} 4.0808 5.5512 0.292 0.365 0.07852 0.00567 0.10432 - 014
20005.0  PARADISE COVE-REP 2 122% 4/25/94 a1 4.3226 5.7669 0.292 0.365° 0.07481 0.00540 0.10482 0.13.
20009.0  TOMALES BAY-MARCONI COVE-REP | 1231 4/26/94 k)] -9.0000 -9.0000 -9.000 -9.000 -9.00000 -9.00000 -9.60000 -9.00
20009.0 © TOMALES BAY-MARCONI COVE-REP 2 1232 4/26/94 3 -9.0000 -9.0000 -9.000 -9.000 <9.00000 -9.00000 -9.00000 -9.00
20009.0 TOMALLS BAY-MARCONI COVE-REP 3 1233 4/26/94 Rl -9.0000 -9.0000 -9.000 -9.000 -9.00000 -9.00000 -9.00000 -9.00
20006.0  SAN PABLO BAY-TUBBS IS.- REP 1 1222 4/26/94 ki 51513 6.6200 0.292 0.365 -0.10704 0.00772 0.10482 0.12
20006.0  SAN PABLO BAY-TUBRS IS.- REP 2 1223 4/26/94 3 4.7200 6.0351 0.292 0.365 . 0.08000 0.00577. 0.10482 0.14
20006.0  SAN PABLO BAY-TUBBS 1S.- REP 3 T1224 T an6/94 31 4.6721 6.0943 0.292 0.365 007778 0.00561 0.10482 0.13
20007.0  SAN PABLO BAY-ISLAND #1-REP 1 T 1225 4:27794 21 2.6851 49778 0.292 0.265 0.06778 0.00489 0.10482 0.12
20007.0  SAN PABLO BAY-ISLLAND /1-REP 2 1226 42794 3 3.9686 5.2073 0.292 0.3265 0.06926 0.00500 0.10482 0.13
200070  SAN PABLO BAY-ISLAND #1-REP 2 1227 42794 3 29378 ©5.1092 0.292 0.365 0.07370 0.00532 0.10482 T 0.3
200090 TOMALES BAY-MARCONI COVE-REP 1 1407 9/6/94 35 . -9.0000 -9.0000 . -9.000 -9.000 -9.00000 <9.00000 -9.00000 9.00
200090 TOMALES BAY-MARCONI COVE-REP 2 1408 9/6/94 35 -9.0000 -9.0000 -9.000 -9.000 -9.00000 <9.00000 -9.00000 -9.00
20009.0  TOMALES BAY-MARCONI COVE-REP 3 1409 9/6/94 - 35 . -9.0000 - -9.0000 -9.000 -9.000 -9.00000 -9.00000 -9.00000 <9.00
20011.0  ISLAIS CREEK 1411 9/6/94 35 -9.0000 -9.0000 -9.000 -9.000 -9.00000 -9.00000 -9.00000 -9.00
200050 PARADISE COVE-REP 1 1308 9i7/94 35 -9.0000 ’ -9.0000 -9.000 -9.000 -9.00000 900000  -9.00000 -9.00
200050  PARADISE COVE-REP2 1399 9/7:94 35 ©-9.0000 -9.0000 -9.000 -9.000 9.00000 - -9.00000 -9.00000 -9.00
2000500 PARADISE COVE-REP 3 1400 9/7:94 35 -9.0000 . -9.0000 -9.000 -9.000 -9.00000 -9.00000 -9.00000 -9.00
20007.0 SAN PABLO BAY-ISLAND #1-REP 1 1404 977194 35 -9.0000 -9.0000 . -9.000 9000 -9.00000 -9.00000 -9.00000 -9.00
200070 SAN PABLO BAY-ISLAND #1.REP 2 1405 91794 35 -9.0000 -9.0000 -9.000 9.000 -9.00000 -9.00000 -9.00000 9.00 -
20007.0  SAN PARLO BAY-ISLAND #1-REP 3 1406 97794 35 -9.0000 -9.0000 -9.000 -9.000 -9.00000 -9.00000 -9.00000 -9.00 .
200060 SAN PABLO BAY-TUBBS IS.-REP 1 1401 9/8.94 35 -9.0000 -9.0000 - -9.000 -9.000  -9.00000 -9.00000 -9.00000 -9.00
200060 SAN PABLO BAY-TUBBS IS.-REP 2 1402 9/8/94 35 -9.0000 ’ -9.0000 -9.000 -9.000 9.00000 -9.00000 -9.00000 9.00
200060  SAN PABLO BAY-TUBBS IS.-RI:P 3 1403 9/8/94 35 -9.0000 -9.0000 -9.000 -9.000 -9.00000 -9.00000 -9.00000 -9.00
200100 CASTRO COVE-EVSO4 1410 97894 35 -9.0000 -9.0000 -9.000 -9.000 -9.00000 -9.00000 -9.00000 -9.00
200050 PARADISE COVE-RE 1461 3/6/95 37 4.0344 5.4926 0.292 0.365 0.07111 0.00513 0.10482 0.14
20005.0  PARADISE COVE 1462 3/6/98 7 -9.0000 -9.0000 -9.000 -9.000 -9.00000 -9.00000 -9.00000 -9.00
20005.0  PARADISE COVE-REP 3 1463 /695 37 -9.0000 -9.0000 -9.000 -9.000 -9.00000 -9.00000 -9.00000 -9.00
200130 N.SOUTIIBAY REF.-REP 1 472 3/6/95 37 3.9638 5.3400 0.292 0.365 0.05815 0.00420 0.10482 010
200130 N.SOUTH BAY REF.-REP 2 1473 2695 37 2.8645 5.1879 0.292 0.365 © 0.05037 0.00363 0.10482 0.10
200120 NCSOUTH BAY REF.-REP R 1474 2695 37 8510 5.2139 0.292 0.365 0.05222 0.00377 0.10482 .00
200120 TREASURE ISLAND-CLIPPER COVE 4N 1795 37 -9.0000 -9.0000 -9.000 -9.000 -9.00000 -9.00000 -9.00000 -9.00
200140 SCSOUTH BAY REF.-REP 1475 3795 37 . 3.4985 T 49562 0.292 0.365 0.03778 000273 0.10482 0.10
200040 S.SOUTHEBAY REF.-REP 2 1476 3795 37 ang © 4.8652 0.292 0.365 - 0.01852 0.00134 0.10482 0.08
200040 S_SOUTH BAY REF-REP 2 ' 1477 3795 0 27 R.3966 4.8043 0.292 0.265 0.01852 0.00134 0.10482 0.07
200000 TOMALES BAY-MARCONI COVE-REP 2 1470 R R 37 -9.0000 -9.0000 -9.000 -9.000 -9.00000 -9.00000 -9.00000 -9.00
200060 SAN PABLO BAY-TUBBS IS.-REP 1 1467 4:4 95 RY) . 5.2365 7.0250 L 0.292 0.365 0.07370 0.00532 0.10482 0.14
200060 SANPABLO BAY-TUBBS [S.-REP 2 1468 4-4.95 37 -9.0000 -9.0000 -9.000 -9.000 -9.00000 -9.00000 -9.00000 -9.00
200060 SANPABLOBAY-TUBBS IS-REP 3 1469 4495 37 -9.0000 -9.0000 -9.000 -9.000 -9.00000 -9.00000 -9.00000 -9.00
200070 SAN PABLO BAY-ISLAND 91-RiEP 1 1464 4495 37 4.1277 5.5395 0.292 0.365 0.25407 0.01833 12.18029 1.56
200070 SANPABLO BAY-ISLAND #1-RIEP 2 1465 4:495 7 -9.0000 -9.0000 -9.000 -9.000 -9.00000 -9.00000 -9.00000 -9.00
20007.0 SAN PARLO BAY-ISLAND #1-REP 3 Ho6 4:4 05 37 -9.0000 -9.0000 -9.000 -9.000 -9.00000 -9.00000 -9.00000 -9.00




Chemistry Summations and Quoticents (éon’t.)

STANUM STATION . IDORG DATE LEG TTLDDTQP DIELDRQE -DIELDRQP ENDRINQE LINDANEQP TTLPCBQE TTLPCBQP ACYQE
200080 BOLINAS-AUDUBON CYNL-REP 1228 425094 31 900 -9.000 -9.000 900000 9000 -9.000 -9.000 -0.00000
200080  BOLINAS-AUDUBON CYN.-REP 2 1220 412594 31 -9.00 9.000 -9.000 -9.00000 9.000 -9.000 -9.000 _-9.00000
20008.0  BOLINAS-AUDUBON CYN.-REDP 3 1220 42594 - 31 -9.00 -9.000 -9.000 -9.00000 -9.000 -9.000 -9.000 -9.00000
20005.0  PARADISE COVE-REP | 1219 - 42594 31 - 013 0.031 0.058 - 0.02222 S (1) I 0.062 0.059 0.01355
200050 PARADISE COVE-REP 2 1220 42594 31 0.13 0.03) 0.058 0.02222 - 0.101 0.053 0.050 0.01284
200050 PARADISE COVE-REP 3 1221 42594 31 0.11 0.031 0.058 0.02222 © 0101 . 0.051 0.048 0.01322

2200090 TOMALES BAY-MARCONI COVE-REDP 1 1231 . 42694 31 -9.00 -9.000 9.000 -9.00000 9000 . -9.000 -9.000 -9.00000
200000  TOMALES BAY-MARCONI COVE-REP 2 1232 42694 31 -9.00 29,000 -9.000 9.00000 - 9.000 9.000 -9.000 -9.00000
200000 TOMALES BAY-MARCONI COVE-REP 3 1233 4726:94 31 -9.00 -9.000 -9.000 " .9.00000 -9.060 -9.000 -9.000 -9.06000
200060 SAN PABLO BAY-TUBBS 1S.- REP 1 1222 42694 31 0.11 C 003 0.058 0.02222 - 0.101 0.041 0.029 0.00829
20006.0-© SAN PABLO BAY-TUBBS IS.- REP 2 1223 42694 31 0.12 0.031 0.058 0.02222 0.101 0.037 0.036 0.00978
200060  SAN PABLO BAY-TUBRS IS.- REP 3 1224 42694 3 0.12 0.031 0,058 0.02222 0.101 0.044 0.042 0.00391
20007.0  SANPABLO BAY-ISLAND #1-REP 1~ 1225 42794 31 0.11 0.031 0.058 0.02222 0.101 0.035 0034 - -0.0039]
20007.0 SAN PABLO BAY-ISLAND #1-REP 2 1226 42794 31 0.12 0.031 0.058 0.02222 0.101 0.035 0.033 0.00391
20007.0  SAN PABLO BAY-ISLAND #1-REP 3 1227 42794 31 0.12 0031 . 0.058 0.02222 0.104 0.037 0.035 0.00884
200090 TOMALES BAY-MARCONI COVE-REP | 1407 9694 35 -9.00 -9.000 9.000 -9.00000 -9.000 -9.000 9,000 . -9.00000
200000 TOMALES BAY-MARCONI COVE-REP 2 1408 9694 3§ 9.00 -9.000 -9.000 -9.00000 -9.000 9.000 - -9.000 -9.00000
200000 TOMALES BAY-MARCONI COVE-REP 3 1409 96104 35 900 9000 9,000 ©-9.00000 90000 T T9non T -9.000 -9.00000
200011.0  ISLAIS CREEK 1411 9604 35 -9.00 -9.000 -9.000 -9.00000 -9.000 -9.000 -9.000 -9.00000
200050  PARADISE COVE-REP 1 1398 9794 35 9.00 T 9000 -9.000 -9.00000 -9.000 . 9.000 -9.000 -9.00000
200050  PARADISE COVE-REP 2 1399 9794 3§ -9.00 -9.000 -9.000 -9.00000 9.000 -9.000 -9.000 -9.00000
0050 PARADISE COVE-REP R 1400 9794 15 -9.00 -9.000 -9.000 © 900000 9.000 -9.000 -9.000 -9.00000
20007.0  SAN PABLO BAY-ISLAND /1-REP } 1404 97194 3§ -9.00 -9.000 -9.000 -9.00000 9000 -9.000 -9.000 -9.00000
200070 SAN PABLO BAY-ISLAND #1-REP 2 1405 9794 35 -9.00 -9.000 -9.000 -9.00000 - -9.000 -9.000 -9.000 900000
200070 SAN PABLO BAY-ISLAND #1-REP 2 1406 9794 35§ 900 9,000 -9.000 -9.00000 -9.000 -9.000 -9.000 -9.00000
200060  SAN PABLO BAY-TUBBS IS.-REP 1 1401 9m94. 35 9.00 -9.000 -9.000 -9.00000 9.000 . -9.000 9,000 -9.00000
200060  SAN PABLO BAY-TUBBS IS.-RVP 2 1402 9894 35 -9.00 -9.000 -9.000 -9.00000 -9.000 -9.000 -9.000 -9.00000
200060  SAN PABLO BAY-TUBBS IS.-REP 3 1403 9:804 35 9.00 -9.000 -9.000 9.00000 9.000 -9.000 -9.000 -9.00000
200100  CASTRO COVE-EVSO4 . 1410 oR94 35 -9.00 9,000 -9.000 -9.00000 "29.000 -9.000 -9.000 -9.00000
20005.0  PARADISE COVE-REP 1 CM61 M5 3T 0.13 0.031 0.058 0.02222 0.101 0.061 0.058 0.04906
200050  PARADISE COVEI-REP 2 T462 Re9S 37 -9.00 -9.000 9000 - -9.00000 -9.000 9000 - -9.000 -9.00000
200050 PARADISE COVE-RED 3 1463 695 37 -9.00 -9.000 -9.0600 -9.00000 - 9.000 - 9000 -9.000 -9.00000
200130 N, SOUTH BAY REF.-REP 1 1472 3695 _ 37 0.00 0031 T 0.058 T 0.02222 0.101 0.050 0.048 "0.01086
200130 N.SOUTH BAY REF.-REP 2 1473 3605 37 0.08, 0.031 0.058 0.02222 - 0101 0.052 0.050 0.01206
200130 N.SOUTH BAY REF-REP 3 474 3695 37T 009 0.031 T 0,058 002222 - - 010t 0.050 0.048 0.01308
200120 TREASURE ISLAND-CLIPPER COVE CWTL T9ST 3T -000 -9.000 -9.000 900000 T -9.000 -9.000 9,000 -9.00000
200140 S, SOUTH BAY REF.-REP 1 1475 795 37 0.09 0.031 0.058 0.02222 0.101 0.049 0.047 0.01536
200140 S, SOUTII BAY REF.-REP 2 1476 3795 - 37 007 - 0.031 0.058 10.02222 0.101 0.048 0.045 0.02125
200140 S SOUTH BAY REF.-REP ¥ © 1477 4105 37 0.06 0.031 0.058 0.02222 0.101 0.050 0.047 0.02391
200090  TOMALES BAY-MARCONI COVE-REP 2 1470 3895 37 9.00 -9.000 ~9.000 -9.00000 . -9.000 -9.000 -9.000 -9.00000
200060  SAN PABLO BAY-TUBRBS IS.-REP 1 1467 4495 37 0.13 0.031 0.058 0.02222 0.101 0.046 0.044 0.00894
200060 SAN PABLO BAY-TUBBS IS.-REP 2 1468 4495 37 9.00 -9.000 9,000 -9.00000 -9.000 _ -9.000 -9.000 9.00000
200060  SAN PABLO BAY-TUBRS IS.-REP 3 © 1469 49 37 1 9.00 -9.000 -9.000 -9.00000 . 9000 -9.000 -9.000 -9.00000
200070  SAN PABLO BAY-ISLAND #1-REP 1 1464 2495 37 1.39 0.031 0.058 0.02222 0.101 0.032 0.020 0.00391
200070 SAN PABLO BAY-ISLAND #1-REP 2 1465 4495 37 -9.00 -9.000 -9.000 -9.00000 -9.000 -9.000 -9.000 -9.00000

20007.0  SAN PABLO BAY-ISLAND #1-REP 3 1466 4495 37 -9.00 -9.000 -9.000 : -9.00000 . 9.000 -9.000 -9.000 -9.00000



STANUM.

STATION

Chemistry Summations and Quoticnts (con't.)

BAPQP CHRQE CHRQP DBAQE

IDORG DATE LEG ACYQP ACEQE ACEQP ANTQE ANTQP BAAQE BAAQP BAPQE

20008.0  BOLINAS-AUDUBON CYN.-REP |- 1228 472594 31 29.00000  -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 . -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
20008.0  BOLINAS-AUDUBON CYN.-REP 2 1229 42594 31 -9.00000  -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 "-9.00000 -9.00000 -9.00000 -9.00000 -9.00000
200080  BOLINAS-AUDUBON CYN-REP 2 1230 42594 2} 900000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
200050 PARADISE COVE-REP 1 1219 42594 31 0.06779 00158 0.08920 002555 0.11469 0.05500 " 0.12707 0.18625  0.39045 0.03382  0.11194  0.11615
200050 PARADISYE COVE-REP 2 1220 472594 31 0.06427 001742 009798 002564 0.11510 005381 0.12433  0.15688  0.32887 0.03554 0.11762  0.10000
20005.0  PARADISE COVE-REP 3 1221 4/25/94 11 0.06615 0.01502 008448 0.02091 0.09388 005231 0.12086 0.15125 031708  0.03036 ~ 0.10048  0.09577
20009.0  TOMALES BAY-MARCONI COVE-REP | 1231 4726/94 31 900000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.006000 -9.00000 -9.00000 -9.60000 -9.00000 -9.00000
20009.0.  TOMAILES BAY-MARCONI COVE-REP 2 1232 42694 31 900000 -900000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
20009.0  TOMALES BAY-MARCONI COVE-REP 2 1233 4726194 31 900000 -900000 -9.00C30 -9.00000 -9.00000 -9.60000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
20006.0  SAN PABLO BAY-TUBRBS IS.- REP | 1222 426194 21 004199 000500 002812 001064 004776 002963 006844 0.10375  0.21750  0.01511 0.05000 0.06923
20006.0  SAN PABLO BAY-TUBRS IS.- REP 2 1223 4/26/94 31 0.04895  0.01030 005793 001300 005837 003238 0.07480 0.10563  0.22143  0.01600 0.05296 0.07115
20006.0  SAN PABLO BAY-TUBBS IS.- REP 3 1224 4/26/94 13} 0.01955 0.00500 002812 001282 0.05755 003056 0.07061 0.10438 021881 0.01536  0.05083  0.06885
20007.0  SAN PABLO BAY-ISLLAND #1-REP 1 1225 42794 31 0.01955 000500 002812 000648 002910 002469 005704 0.07375  0.15461 . 0.01193 0.03948 0.05115
20007.0 - SAN PABLO BAY-ISLAND #1-REP 2 1226 42794 31 0.01955 000500 0.02812 0.01091 004898 0.02506 005790 007563 0.15854 0.01546 0.05118 0.05154
20007.0 SAN PABLO BAY-ISLAND #]1-REP 3 1227 42794 21 0.04426 001012 005692 0.01164 005224 003656 008447 009625 0.20178 001793  0.05934  0.06923
200090 TOMALES BAY-MARCONI COVE-REP § 1407 . 9/6/94 35 900000 900000 -0.00000 900000 900000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.0000C -9.00000
20009.0  TOMALES BAY-MARCONI COVE-REP 2 1408 9/6/94 35 -9,00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000° -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
200090  TOMALES BAY-MARCONI COVE-REP 3 1409 9/6/94 35 -9,00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
20011.0  ISLAIS CREEK 1411 9/6/94 35 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
20005.0  PARADISE COVE-REP 1 1398 9794 35 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
20005.0  PARADISE COVE-REP 2 1399 97194 35 -9.00000 -9.00000 --9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 .-9.00000 -9.00000 -9.00000
20005.0  PARADISE COVE-REP 3 1400 9/7/94 35 -9,00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
20007.0  SAN PABLO BAY-ISLAND #1-REP 1 1404 9/7/194 35 -9,00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 .9.00000 -9.00000 -9.00000
20007.0  SAN PABLO BAY-ISLLAND #1-REP 2 1405 977194 35 -9,00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
20007.0  SAN PABLO BAY-ISLAND #1-REP 3 1406 9/7/94 35 900000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.60000 -9.00000 -9.00000 -9.00000 -9.00000
20006.0 SAN PABLO BAY-TUBBS IS.-RFP 1 1401 9i8/94 35 -9,00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
200060  SAN PABLO BAY-TUBBS IS.-REP 2 1402 9/8/94 35 -9,00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.000C0 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
20006.0  SAN PABLO BAY-TUBBS IS.-REP 3 1403 9/8/94 35 -9,00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
20010.0  CASTRO COVE-EVSO4 1410 9/8:94 35 -9,00000 -9.00000 -9.60000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
20005.0  PARADISE COVE-REP § 1461 37695 7 0.24552  0.02480 0.13948 0.04027 0.18082 021938 0.50684 0.41438 0.86869 0.13286 0.43973  0.52308
20005.0  PARADISE COVE-REP 2 1462 3/6/95 37 -9,00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
200050 PARADISE COVE-REP 2 1463 3/6/95 37 -9.60000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
200130 N.SOUTH BAY REF.-REP 1 1472 3/6/95 37 005434 001122 006310 002191 009837 0.03750 008664 0.11375 023846 002350 0.07778° 0.08962
20012.0  N.SOUTH BAY REF.-REP 2 1473 3/6/95 37 0.06036 001796 0.10101 002236 0.10041 0.04731 0.10931 0.14188  0.29742 0.02864 0.09480° 0.17115
200130 N. SOUTII BAY REF.-REP 3 1474 36195 37 0.06545 001118 0.06288 0.02482 0.11143 0.04319 0.09978 0.12938  0.27122  0.02550 0.08440 0.1173}
20012.0  TREASURE ISLAND-CLIPPER CCOVE 1471 37195 37 -9,00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
200140 S SOUTTTBAY REF.-REP 1 1475 795 37 0.07686 0.01796 0.10101  0.03482 0.15633 0.06313  0.14584 0.16438  0.34459  0.03393  0.11230  0.11538
20014.0 S SOUTIEBAY REF.-REP 2 1476 2795 37 0.10634  0.01956  0.11001  0.05036 0.22612 0.07813  0.18050 0.17938  0.37604  0.04357 0.14421  0.13308
200140 S SOUTH BAY REF.-REP 3 1477 2795 37 011963 0.01802  0.10135  0.04464 0.20041 0.07750 0.17905 -0.17375  0.36425 0.04107 0.13594  0.13115
200000 TOMALES BAY-MARCONI COVE-REDP 2 1470 3895 37 -9.00000  -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
20000.0  SAN PABLO BAY-TUBBS IS.-REP 1 167 4/4/95 37 0.04473  0.00500 002812 0.01827 0.08204 0.03519 0.08130 0.10500  0.22012  0.02093  0.06927  0.08885
200000 SANPABLO BAY-TUBRBS 1S REP 2 1468 4405 37 H00000  SO0000  S00000  -S.00000 900000  -S.00000 900000 900000 900000 H00000 900000 900000
20006.0  SAN PABLO BAY-TUBBS 1S.-REP 3 1469 4495 27 -9.00000  -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
20007.0  SAN PABLO BAY-ISLAND #1-REP 1 14064 1495 7 0.01955  0.00500 002812 0.01100 0.04939 0.03025 0.06989 0.07625  0.15985 002004 0.06631 0.07654
20007.0  SAN PABLO BAY-ISLAND #1-REP 2 1465 4495 27 9.00000  -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
200070  SAN PABLO BAY-ISLAND #1-REP R 1466 4495 37 -9.00000 900000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000

-9.00000



Chemistry Summations and Quotients ‘(cén't)

FLAQP

"

STANUM STATION IDORG DATE 1LEG DBAQP FLAQE FLUQE FLUQP MNP2QE MNP2QP NPHQE NPHQP PHNQE PHNQP PYRQE
200080 BOLINAS-AUDUBON CYN.-REP | 1228 472594 31 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000  -9.00000 -9.00000 -9.00000 -9.000060 -9.00000 -9.00000
200080  BOLINAS-AUDUBON CYN.-REP 2 1229  4/25/94 31 900000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000  -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
200080  BOLINAS-AUDUBON CYN.-REP 3 1230 42594 31 900000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000  -9.00000 -9.00600 -9.00000 -9.00000 -9.00000 -9.00000
200050  PARADISE COVE-REP 1 1219 42594 31 022435 005196 017743 001815 006789 002299 007651 001552 008345 007000 0.19318 0.11885
200050 PARADISE COVE-REP 2 1220 4725/04 31 019315 004510 0.15400 001822 006817 00209  0.06955 001462 007859 006733 0.18582 0.10615
200050  PARADISE COVEREP 3 1221 425/04 31 0.18498 006137 020957 0.01963 007343 002164 007204 001276 0.06861 0.07400 .0.20422 0.12308
200000  TOMALES BAY-MARCONI COVE-REP 1 1231 - 4726/94 31 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000  -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
200090  TOMALES BAY-MARCONI COVE-REP 2 1232 4/26/94 . X1 900000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000  -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000.
200090  TOMALES BAY-MARCONI COVE-REP 3 1233 4/26/94 31 900000 -9.00000 -9.00000 -9.00000 -9.00000 -9.000060  -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
200060  SAN PABLO BAY-TUBBS IS.- REP 1 1222 4726/94 31 013372 002784 009508 0.01372 005133 001896  0.06310  0.01005 005401 003767 0.10395 0.06769
200060  SAN PABLO BAY-TUBBS IS.- REP 2 1223 42694 31 0.13743  0.02902 000909 001550 005798 0.02015  0.06707 ~0.01024 005504 004547 0.12548 0.07000
200060  SAN PABLO BAY-TUBBS IS.- REP 3 1224  426/04 31 0.13298 _ 002725 009307 00126) 004718 002000  0.06657 000943 005069 003607 009953 0.06615
200070 SAN PABLO BAY-ISLAND #1-REP 1 1225 427194 31 009880 002196 007499 000461 001732 001537 005117 000757 004070 002733 007543 005269
200070 SAN PABLO BAY-ISLAND #1-REP 2 1226 42704 31 009955 002216 007566 000976 003651 001612 005366 0.00710 003814 003140 0.08666 0.05269
200070 SAN PABLO BAY-ISLAND #1-REP 3 1227 427094 31 013372 003157 010780 0.01250 004676 001731 005763  0.01043 005606 0.04680 0.12916 0.07192
200000  TOMALES BAY-MARCONI COVE-REP 1 1407 9/6/04 35 900000 -9.00000 -0.00000 -9.00000 -9.00000 -900000  -900000 -9.00000 -900000 -9.00000 -9.00000° -9.00000
200000 FOMALES BAY-MARCONI COVE-REP 2 1408 9/6/94 35 .900000 -9.00000 -900000 -9.00000 -9.00000 -9.00000  -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000.
200000  TOMALES BAY-MARCONI COVE-REP 3 1409 9/6/94 35 -9.00000 -9.00000 -9.00000 -0.00000 -9.00000 -0.00000 - -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 --9.00000
200110 ISLAIS CREEK 1411 96/94 35 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -900000  -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
200050  PARADISE COVE-REP 1 1398 97094 35 900000 -9.00000 -9.00000 -9.00000 -900000 -9.00000  -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
200050  PARADISE COVE-REP 2 1399 9704 35 900000 -9.00000 -000000 -0.00000 -9.00000 -9.00000  -9.00000 -9.00000 -9.00000 -9.00000 ' -9.00000 -9.00000
200050  PARADISE COVE-REP 3 1400 97/94 35 900000 -9.00000 -9.00000 -9.00000 900000 -9.00000  -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
200070  SAN PABLO BAY-ISLAND #1-REP 1 1404 9794 35 900000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000  -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
200070 SAN PABLO BAY-ISLAND #1-REP 2 _ 1405 97794 35 900000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 900000 -9.00000 -9.00000 -9.00000 -9.00000 -900000
200070 SAN PABLO BAY-ISLAND #1-REP 3 1406 9794 35 900000 -9.00000 -9.00000 500000 -9.00000 ' -9.00000 . -S.00000 -9.00000 -9.00000 -9.00000 -D.00000 -9.00000:
200060  SAN PABLO BAY-TUBBS IS.-REP 1 1401 91894 35 000000 ~9.00000 -9.00000 -9.00000 -9.00000 -9.00000  -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
200060  SAN PABLO BAY-TUBBS IS.-REP 2 1402 9894 35 900000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000  -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
200060 SAN PABLO BAY-TUBBS IS.-REP 3 1403 9894 35 900000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000  -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
200000 CASTRO COVE-EVSO4 1410 9/8/94 35 000000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
200050  PARADISE COVEREP 1 1461 3695 37 101033 007667 026179 0.02741 ©0.10253 002851 009489  0.01838 009881 007933 021894 0.29500
200050  PARADISE COVE-REP2 1462 3695 37 900000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000  -9.00000 --9.00000 -9.00000 -9.00000 -9.00000 -9.00000
200050 PARADISE COVE-REP 3 1463 36/95 37 -0.00000 -9.00000 *-9.00000 -9.00000 -9.00000 -9.00000  -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
200130 N SOUTH BAY REF.-REP 1 1472 3605 37 017309 003373 011516 0.01700 006360  0.02000  0.06657  0.01314  0.07065 005700 0.1S731° 0.08192
200130 N. SOUTH BAY 1473 36/95 37 033058 003941 0.03458 001772 006630 001881  0.06260  0.01214 006528 006020 0.16614 _ 0.09615
200030 N. SOUTH BAY REF.REPY 1474 36957 37 0.22658 _0.03765 0.12855 .0.01765 006602 0.01866  0.06210  0.01195 006425 006347 0.17515 0.09154
200120 TREASURE ISLAND-CLIPPER COVE 1471 37795 - 37 -9.00000 - -9.00000 -9.00000 -9.00000 -9.00000 -9.00000  -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
200140 S SOUTH BAY REF.-REP 1 1475 3705 37 022287 005U8 0.17475 001822 006817 001731  0.05763  0.01243 006681 0.07600 0.20974 0.12462
200140 S, SOUTH BAY REF.-REP 2 1476 3795 37 025704 006176 021091 002389 0.08937 001866 006210  0.01390 007475 0.10733  0.29621 0.14923
200140 S. SOUTH BAY REF.-REP 3 1477 3795 37 025332 006196 021158 002556 009560 002134  0.07105 001624 008729 0.11133 030725 0.15231
200000  TOMALES BAY-MARCONI COVE-REP 2 - 1470 3895 37 900000 -900000 -900000 -9.00000 -9.00000 900000  -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
200060  SAN PABLO BAY-TUBBS IS.-REP | 1467 4495 37 017161, 003157 0.10780 0.01426 005334 001881  0.06260 0.01014 005453 0.04607 0.12713 0.07885
00060 $AN PABLO BAY-TUBBS IS.-REP 2 1468 3495 37 - .000000 -9.00000 -9.00000 -9.00000 -900000 -9.00000  -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
200060 SAN PABLO BAY-TURBS [S.-REP 3 1469 4495 37 000000 900000 -9.00000 -9.00000 -9.00000 -9.00000  -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
200070 SAN PABLO BAY-ISLAND £1-REP | 1464 4495 37 . 014783  0.02863 009775 001011 003782 001612 005366 0.00876 0.04710 0.03733 _0.10303  0.06769
20007.0  SAN PARLO BAY-ISLAND 41-REP 2 1465 4495 37 000000 900000 900000 -9.00000 -9.00000 -9.00000  -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000
00070 SAN PABLO BAY-AISLAND #1-REP 2 1466 4:4:95 37 000000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000  -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000




Chemistry Summations and Quotients (con't.)

STANUM STATION IDORG DATE LEG PYRQP LMWPAHQE LMWPAHQP HMWPAHQE HMWPAHQP TTLPAHQE TTLPAHQP ERMQ PELQ
200080  BOLINAS-AUDUBON CYNL-REP 1 1228 4125/94 1 -9.00000 <9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.000 - -9.000
200080 BOLINAS-AUDUBON CYN.-REP 2 1220 4/25/94 3t -9.00000 -9.00000 -9.00000 -9.00000 . -9.00000 -9.00000 -9.00000 - -9.000 . -9.000
200080 BOLINAS-AUDUBON CYN.-REP 2 1230 472594 31 -9.00000 -9.00000 -9.000600 -9.00000 -9.00000 -9.00000 -9.00000 -9.000-  -9.000
20005.0  PARADISE COVE-REP 1 1219 42594 X1 0.22109 0.07871 0.17249 0.22364 0.32158 0.05348 0.14285 5637  7.759
200050 PARADISE COVE-REP 2 1220 42594 131 0.19748 0.07578 0.16607 0.19543 0.28102 0.04723 0.12615 4890 6914 .
20005.0  PARADISE COVE-REP 1221 4/25/94 31 0.22896 0.07628 0.16716 0.20409 0.29348 0.04912 0.13120 5129 7122
200090 TOMALES BAY-MARCONI COVE-REP 1 1231 4/2694 31 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.000 -9.000
200090 TOMALES BAY-MARCON] COVE-REP 2 1232 412694 31 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 9000  -9.000
20009.0  TOMALES BAY-MARCONI COVE-REP 2 1233 426194 31 -9.00000 -9.00000 -9.00000 ~ -9.00000 -9.00000- -9.00000 -9.00000 -9.000 -9.000
200060 SAN PARLO BAY-TUBRS [S- REP 1 1222 42694 31 0.12592 0.04651 a.10191 0.12942 0.18610 0.03102 0.08285 5.833 7.193
200060 SAN PARBLO BAY-TUBRBS IS.- REP 2 1223 4/26/94 31 0.13022 0.05354 011733 0.13172 ©.18941 0.03201 0.08549 5.437 1234
200060 SAN PABLO BAY-TUBRBS 1S.- REP 3 1224 426/94 . 31 0.12307 0.04530 0.09928 0.12735 0.18313 0.03049 0.08144 5.364 1.275
20007.00 SAN PABLO BAY-ISLLAND #1-REEP | 1225 © 427194 31 0.09803 0.03344 0.07229 0.09455 0.1359 0.02262 0.06043 4313 6.067
20007.0  SAN PABLO BAY-ISLLAND #1-REP 2 1226 42794 31 0.09803 0.03788 0.08302 0.09658 0.13888 0.02337 0.06243 4613 6.318
20007.0  SAN PABLO BAY-ISLAND #1-REP 3 1227 4727/94 21 0.13380 0.05192 0.11379 0.12755 0.18341 0.03100 0.08280 4629 6297
20009.0  TOMALES BAY-MARCONI COVE-REP | 1407 9:6/94 35 -9.00000 -9.00000 -9.00000 -9.60000 -9.00000 -9.00000 -9.00000 9.000 -9.000
200090 TOMALES BAY-MARCONI COVE-REP 2 1408 9/6/94 35 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 <9.00000 -9.00000 9000 9000
20009.0  TOMALES BAY-MARCONI COVE-REP 2 1409 9/6/94 25 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 9000 -9.000
200110 ISLAIS CREFK 1411 9/6/94 KM -9.00000 -9.00000' -9.60000 -9.00000 -9.00000 -9.00000 -9.00000 9000 -9.000
20005.0  PARADISE COVE-REP 1 1398 9/7/94 35 -9.00000 -9.00000 *-9.00000 -9.00000 -9.00000 -9.00000 -9.060000 -9.000 -9.000
200050  PARADISE COVE-REP 2 1399 9/71/94 35 - -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 '-9.00000 9000 -9.000
200050 PARADISE COVE-REP 3 1400 97794 35 -9.00000 -9.00000 -9.00000 -9.060000 -9.00000 -9.00000 -9.00000 -9.000 -9.000
20007.0  SAN PABLO BAY-ISILAND #1-REP 1 1404 977194 35 -9.00000 ,-9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 ©9.000 -9.000
20007.0  SAN PABLO BAY-ISLAND #1-REP 2 © 1405 9/7/94 35 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.000 -9.000
20007.0  SAN PABLO BAY-ISLAND #1-REP 3 1406 97194 35 -9.60000 -9.00000 -9.00000 -9.00600 -9.00000 -9.00000 -9.00000 -9.000 -9.000
200060 SAN PABLOBAY-TUBBS IS.-REP 1 1401 9/8/94 35 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 9000 -9.000
20006.0  SAN PABLO BAY-TUBRBS IS.-REP 2 1402 9/8/94 35 -9.00000 -9.060000 -9.00000 ' -9.00000 -9.00300 -9.00000 -9.00000 -9.000 -9.000
200060  SAN PABLO BAY-TUBBS IS.-REP 3 1403  9/8/94 35 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.60000 9000 9.000
20010.0  CASTRO COVE-EVSO4 1410 9/8/94 35 -9.00000 -9.00000 -9.00000 -9.00000 -9.060000 -9.00000 -9.00000 9000 -9.000
20005.0  PARADISE COVE-REP 1 1461 3/6/95 37 0.54880 0.10263 0.22491 0.60875 0.87536 0.13771 . 0.36781 5292 1517
20005.0  PARADISE COVE-REP 2 1462 2/6/95 37  -9.00000 -9.00000 -9.00000 . -9.00000 -9.00000 -9.00000 -9.60000 -9.0600 -9.000
20005.0  PARADISE COVE-REP 3 1463 3/6/95 37 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 9.000 -9.000
200130 N. SOUTHBAY REF.-REP 1 1472 3/6/95 37 0.15240 0.06522 0.14292 0.14960 0.21512 0.03666 0.09793 4674 6572 .

.20003.0  N. SOUTH BAY REF.-REP 2 1473 3/6/95 37 0.17888 0.06694 0.14669 0.18322 0.26346 0.04399 0.11749 " 4612 6.464
200120 N SOUTH BAY REF.-REP 2 1474 316195 37 0.17029 0.06899 0.15119 0.16829 0.24200 0.04094 0.10934 4584  6.481
20012.0 TREASURE ISLAND-CLIPPER COVE 1471 317195 37 -9.00000 -9.00000 -9.06000 -9.00000 -9.00000 -9.00000 900000  -9.000 -9.000
200140 S. SOUTH BAY REF.-REP 1 1475 3/7/95 17 0.23183 0.07972 0.17469 . 0.20599 0.29620 0.04977 0.13294 4278 6300
200140 8. SOUTH BAY REF.-REP 2 1476 195 37 0.27762 0.10634 0.23304 0.23322 0.33536 0.05749 0.15354 4235  6.285
20014.0 S SOUTH BAY REF.-REP 3 1477 37195 37 0.28334 0.10979 0.24060 0.23060 0.33160 0.05717 0.15269 4202 6220
20009.0  TOMALES BAY-MARCONI COVE-REP 2 1470 3/8/95 37 900000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.000 -9.000
20006.0  SAN PABLO BAY-TUBRBS IS.-REP 1 1467 4:4/95 37 0.14668 0.05347 onnz 0.14078 0.20244 0.03394 0.09066 5962 8255
20006.0  SAN PABLO BAY-TUBBS IS.-REP 2 1468 44195 37 -9.00000 -9.00000 -9.00000 -9.00000 - -9.00000 -9.00000 -9.00000 9.000  -9.000
20006.0  SAN PABLO BAY-TUBBS IS.-REP 3 1469 4/4:95 37 900000 -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 -9.60000 -9.000  -9.000
20007.0  SAN PABLO BAY-ISLAND #1-REEP 1 1464 4/4/95 7 0.12593 0.04166 0.09128 0.11309 0.16262 0.02718 0.07259 6220 7949
20007.0  SAN PABLO BAY-ISLAND #1-REP 2 1465 4/4i95 37 2900000 -9.00000 -9.06000 -9.00000 -9.00000 -9.00000 -9.00000 -9.000 - -9.000
20007.0  SAN PABLO BAY-ISLAND #]-REP 3 1466 1/4/95 37 -9.00000 -9.00000 - -9.00000 -9.00000 -9.00000 -9.00000 -9.00000 9.000  9.000



- Appendix B

| Toxicity Data



San Francisco Reference Site Study Toxicity Data

STANUM IDORG LEG TYPE AA_MN AA_SD AA BATCH AAQL AA_ONH4_ AA_ONH3 AA _OH2S AA_INH4 AA_INH3 AA_IH2S EE_MN EE SD EE_BATCH EEQC EE_ONH4

20005.0 1219 31 SAM 82 17 - h031aasa0l 0.440 0.028 nd 1.840 0.022 0.0080 79 13- b03teesa02 -4 0:210
20005.0 1220 3l IR 85 9 h031aasa0l Asr 0.500 0.023 nd . 1960 0024 00153 75 6 b03 1 eesa02 -4 0.310
200030 1221 iR 80 20 b0 aasa01 5. 0560° 0.019 0.0005 2.270 0.026 00134 79 11 b03 1 eesa02 4 0.540
20006.0 1222 i1 SAM 9% . 1 b0 1aasa0l 5 0890 0023 00001 2.210 0.032 0.0046 ” 8 b031eesal2 4 0.710
20006.0 1223 31 R 95 7 bO3 1 aasa0l -5 0.720 0.020 0.0017 2260 0032 0.0171 70 6 b031eesa02 4 0.650
20006.0 1224 3 R %9 10 bO3 taasa0l 5 0.870 0.023 0.0010 2.220 0.033 0.0126 78 6 b03cesad2 4 0.660
20007.0 1225 31 SAM 85 . 17 b0 ansa0l -5 0610 0.022 nd 1.310 0.025 0.0042 2 12 b03ieesa02 -4 0.410
20007.0 1226 3 23 82 10 bO3aasa0l 5 " 0.640 0.020 0.0003 1.350 0.021 0.0048 8s 4 b03teesn02 4 0.340
20007.0 1227 31 R 92 9 b031aasa0l -5 0.730 0.030 nd, 1.470 0.016 00141 - 95 7 b03 ) eesal2 4 0.380
20008.0 1228 il SAM 82 8 b031aasa0l 5 0.630 0.020 0.0005 2.900 0.062 0.0064 83 10 b03leesa02 © 4 0.370
20008.0 1229 3t R 71 26 b03laasa0l = -5 0.710 0.023 0.0012 " 3.400 0.024 0.0104 90 1" 5031 eesa02 4 0.280
20008.0 1230 3 R 80 15 b03 laasa0l -5 0.580 0.019 0.0011 2.830 0.027 0.0564 75 22 b03leesa02 4 1.200
20009.0 1231 Il SAM 7 i} b03laasa0l -5 0.550 0.016 nd 1.920 0.021 0.0128 2 N b031eesa02 4 0.480
20009.0 1232 31 R 76 n- b03 1225301 -5 0.670 0.021 ad 1.990 0.031 0.0260 53 19 b031eesa(2 4 -0.440
20009.0 1233 31 R 3. a7 b0312asa0l 5 052 0.019 nd 1.580 0.025 0.0202 65 7 b031eesa02 4 3.400
0 31 Cl 85 - 12 h031aasa0l -5 0.160 0.007 0.0005 : 93 8 b03 teesa02 -4 0.320
20005.0 1398 35 SAM 69 10 b035aasa0l -5 0.710 0.021 nd 1.470 0.004 nd 82 6 b035eesa0l 3 1240
20005.0 1399 15 R 76 12 - b035aasa0l -5 - 0.380 0.022 nd 2.270. 0.006 nd 81 16 b035eesa0l 3 - 0280 -
20005.0 1400 35 R 89 5 b035aasa0l 5 0.190 o011 nd 1.750 0.005 nd 84 13 b035eesall 4 0.250
20006.0 1401 35 SAM 55 18 . b035ansa0l -5 - 0.250 0014 nd 1.970 0.035 - nd 66 39 b035eesa0l 4 0.250 .
20006.0 1402 kL R 79 5 b035aasa0l s " 0210 0.015 nd 2.050 0016 nd 62 k13 b035eesa0l 3 0.300
20006.0 1403 35 R 69 28 b035aasa0l -5 0.280 0.025 nd 1.880 0.011 nd 7 18 b03Secsall 4 0.320
20007.0 1404 35  SAM 74 8 b035aasa01 -5 0330 0.029 nd 2.520 0013 nd 88 12 b035eesa0l 4 0.380
120007.0 1405 35 R 74 4 b035aasa0l 5 0.380 0027 nd 2.540 0.014 nd 86 12 b035eesall 4 0.360
20007.0 1406 35 R 61 8 b035aasa0l -5 0.400 0.036 nd 2.850 0018 nd - 80 6 b035eesall 4 0.350
20009.0 1407 35 SAM 79 7 b03Saasa0! 5 - 0410 0.029 nd . 3.710 0014 nd 78 10 b035eesa0l 4 0.310
20009.0 1408 35 R - 8 6 - b035ansa0l -5 0.460 0027 nd 6.460 0.029 nd 54 k) b035¢ecsadl 3 - 0.520
20009.0 1409 35 R 78 10 b035aasa01 5 0.650 0.047 nd 4.750 0.029 nd 85 1 b035eesall 4 0.790
20010.0 1410 35 SAM 29 14 b035aasa0l 5. 0640 © 0037 . nd 3.600 0017 nd 33 3
( 20011.0  ~ 14 35 SAM 54 19 - b035aasa0l 5 6.600 0721 - 0.0070 x 7 : b035cesa0l 4 6.300
0 35 __Cl 81 10 b035aasa01 -5 . lgm_____o_k_________————ad——\nd———%-\«; b035eesa0l 4 0,150
20005.0 1461 37 SAM 97 4 - b037aasa0l 5 - 0470 0.021 0.0060 2.100 0011 1" b037ecsa0l 3 ©0.293
20005.0 1462 37 R 97 4 b037aasa0l -5 0.390 0.012 nd 1.900 0015 nd 86 13 b037eesalt 3 0.334
20005.0 1463 37 R % 7 b037aasa0l -5 0.440 0.008 00110 2.200 0.020 nd 85 8 b037cesa0l 3 . 0331
20007.0 1464 37 SAM 89 7 b037aasa02 3 1.000 0.022 nd - 0.750 0.030 nd. 85 10 b037eesa03 3 . 1100 :
20007.0 1465 37 R 94 11 - b037aasa02 - 3 - 0920 . - 0.019 nd 0.850 0.019 d .. 9 5 b037eesa03 3 Lwe .-
20007.0 1466 37 R 92 8 b037aasa02 - 300 0860 . 0019 nd 0.800 0.022 nd 77 12 b037¢esa03 4 1.200 °
20006 0 1467 37 SAM 79 10 b037aasa02 3 0.730 0.015 nd 0.520 0.017 nd 80 4 b037eesa0d3 3 0.780
200000 1468 37 R 81 10 © b037aasa02 - 3 0620 0014 nd 0.490 00i2 nd 80 10 b037eesa03 3 0620
20006.0 1469 37 PP, 82 0 b03 75202 3 0.610 0012 nd 0.520 0013 nd 81 s b037eesa03 -3 0.630
20009.0 1470 17 SAM 9) i b037aasa0} -5 0.490 0.015 nd 2.000 0014 nd 67 8 b037eesa0l 3 0372
20012.0 1471 37 SAM % 7 b037aasa01 -5 0.580 0.010 nd 2.900 0.019 0.0140 80 15 b037eesa0l 3 0.564
20013.0 1472 37 SAM . 83 14 b037aasa01 5 1.300 0.058 0.0030 7.900 0.108 nd 76 1] b037eesa0l 3 2.320-
20013.0 1473 37 R 98 3 bO37aasa0l -5 1.800 0.088 0.0040 6.900 0.061° - 00030 82 - 14 b037eesa01 3 1.820
20013.0 1474 37 R 95 5 b037aasa0l 5 . 1.800 0.062 0.0040 7400 . 0064 0.0170 70 7. b037eesa0l -3 1.590
20014.0 1475 17 SAM 87 - 14 b037aasa0l 5 0.870 0033 . 0.0010 1.400 0.029 nd 57 34 b037eesall 3 0.304
20014.0 1476 37 R 86 9 b037aasa0l 5 0.420 0017 0.0010 1.400 0.0%9 nd 89 4 b037eesa0) 3 0.201
20014.0 1477 37 R ]4 " b037aasa0l -5 0.890 0036 nd 1.300 0.014 nd 68 39 b037eesa0l 3 0.157
0 kY Ci 91 9 b037aasa01 -5 d nd nd - nd “nd nd 92 -1 b0} 7ecsa0l A nd

] ) a7 C2 9 5. b037aasa02 -5 0.840 . 0.012 nd . 5400 0.019 nd 97 7 b037cesal3 -3 nd



San Francisco Reference Site Study Toxicity Data

STANUM_IDORG LEG TYPE EE_ONH3 FE OH2S EE_INH4 EE_ INH3 FE IH2S EEP_ MN EEP_SD EEP BATCH EEPQC EEP_INH4 EEP INH3 EEP IH2S EEI_MN I-Fl SD -

20005.0 1209 31 SAM 0.020 0.0018 1.840 0015 0.0092 76 9 b03 1 ecsa0) 4 1.300 0067 . . 00034 63 29
20005.0 1220 31 R 0.006 0.0033 1.960 '0.035 0.0040 56 30 b031eesa0l 4 0.954 0.050 0.0024
20005.0 1221 KT & 0.009 0.0007 2.270 0.018 0.0087 84 17 b031eesal 4 1.300- 0.077 0.0049
20006.0 1222 31 SAM 0.065 00013 2210 - 0046 0.0053 7 26 bO31eesa0l 4 0.894 0.107 0.006! 70 12 -
20006.0 1223 31 R 0018 0.0033 2.260 0.022 0.0198 68 23 b031eesa0l 4 0.880 0.099 0.0068
20006.0 1224 31 R 0014 0.0024 2.220 0.023 0.0157 68 23 b03eesaOt 4 03810 0.101 0.0035 .
20007.0 1225 3t SAM 0009 0.0026 1.400 0ot7 0.0049 68 23 b03leesaOl -4 0.798 0.113 00061 = 90 9
20007.0 1226 3 R 0.009 0.0013 1.350 0.158 0.0011 7 n 603 lecsall 4 0.850 0.086 0.0074 '
20007.0 1227 3 R 0.011 0.0055 1.800 0025 00162 76 2 . b03leesa0l -4 0.993 0.174 0.0100 .
20008.0 1228 31 SAM 0.009 0.0022 2.120 0.020 0.0090 80 20 b031eesal! 4 0.208 0.058 0.0021 5 - 25
20008.0 1229 31 R 0.006 0.0013 3.400 0.164 0.0119 6 9 " b031eesa0l -4 0.770 0.139 0.0025 -
20008.0 120 1 R 0.040 0.0030 3.900 0.025 0.0199 76 26 b031eesa0l 4 1.800 0.079 0.0020
20009.0 1231 31 SAM 0.010 0.0078 1.920 0.065 0.0046 68 23 b031cesa0l -4 0930 0073 0.0034 53 29
20009.0 122 31 R 0006 " 0.0019 1.990 0.020 0.0085 68 IR b031eesaOl 4 0.970 0.146 0.0071 '
20009.0 1233 31 . R 0.044 0.0030 1.580 0017 0.0080 s2 23 . bO3leesaOl -4 1.100 0.124 0.0055
0 LTI o 0.007 0.0025 o 80 14 b03 leesal 4 0538 0.019 .9 5
20005.0 1398 35 SAM 0.014. 0.0140 1.330 0.012 0.0060 82 6 b03Scesa02 4 1.500 0072 nd 60 3
20005.0 1399 35 ° R 0.005 00110 1730 0009 0.0080 81 16 b03Seesa02 4 1.500 0.041 nd
20005.0 1400 35 FR 0.004 0.0040 1410 0.007 0.0070 84 13 b03Scesa02 4 1.500 0.048 nd -
20006.0 1401 35 SAM 0004 - 00150 1.860 0017 0.0050 66 19 b03Seesa2 4 1400 ~ 0040 nd 19 7.
20006.0 1402 35 R 0.005 00110 1.960 0016 0.0140 62 35 b035cesa02 4 1.900 0.048 nd
20006.0 1403 35 R 0.007 00120 1.850 0016 0.0070 72 18 - b035eesa02 4 1.700 0.048 nd
20007.0 1404 35 SAM 0.004 00120 2.440 0.024 0.0020 88 12 b035ecsa02 4 2.140 0.049 nd 7 16
20007.0 1405 35  FR 0.004 0.0190 2420 0.024 0.0040 86 12 b03Scesa02 4 2.000 0.056 nd
200070 1406 35 R 001t 00120 2.830 0.028 00030 - 80 6 b035eesa02 4 2.400 - 0.059 nd
20009.0 1407 35 SAM 0.009 0.0130 1610 0.020 0.0110 78 10 b035ecsa02 3 2.900 0.056 0.0090 82 13
20009.0 408 35 R 0016 0.0120 12.000 0.093 0.0260 54 32 b03Secsa02 -3 2.500 0.062 - 0.0070
20009.0 1409 35 R 0.009 0.0150 4.140 0021’ 0.0240 85 1 © b03Seesa02 -3 2.100 0068 . 0.0090
20010.0 1410 35  SAM 0.009 0.0160 1.290 0.024 0.0150 = 3 b03Seesa02 -3 2.900 0.076 M T 22
200110 1411 35 SAM 0.330 0.0100 37.000 0.261 0.9700 57 14 b035eesa02 -3 26.300 1.204 0.0670 41 27
0 KR of 0012 0.0210 nd nd nd 95 4 b03Seesa02 4 3.100 0.062 nd
20005.0 1461 37 SAM 0.003 nd 1.400 0014 nd 84 26 b037eesa02 3 0.650 0.016 nd
20005.0 1462 37 IR 0.004 nd 1.400 0013 nd 76 17 b037eesa02 4 0.670 0.016 nd
! 1463 37 MR 0.004 nd 1.300 0.008 nd 60 32 b037ecsa02 -4 0.850 0.020 nd
20007.0 464 37 SAM 0.014 nd 0.710 0011 nd 92 1 b037cesa04 3 0690 0.009 nd
20007.0 65 3 R 0.013 nd 0.790 0013 nd 9 9 b037ecsal4 3 0.660 0.010 0.0030
20007.0 1466 37 R 0013 nd 1.000 0017 nd 9% 9 b037cesa04 -3 0.800 0.013 nd
20006.0 1467 37 SAM 0010 nd 0.560 0.011 nd 80 20 b037cesia04 3 0.650 0.008 0.0040
20006.0 468 37 R 0.007 nd 0.490 0.009 nd 92 1 b037ecsa04 -3 0.440 0.006 nd
20006.0 1469 37 IR 0.010 nd 0510 0012 nd 9% 9 b037ecsa04 -3 0.400 0.006 0.0020
20009.0 1470 37 SAM 0.005 nd 0.930 0.010 nd s2 27 b0 7cesa02 -4 1.300 0.031 nd
20012.0 1471 37 SAM 0.009 nd 1.600 0017 nd 48 23 b037cesa02 -4 .1.500 0.040 nd
20013.0 1472 37 SAM 0.035 nd 5100 0.054 nd 64 17 b037ccsa2 -4 1.900 0.049 nd
20013.0 73 37 R 0033 nd 4.700 0.037 nd 52 - 36 b037ccsa2 -3 2.200 " 0063 * nd
20013.0 1474 37 R 0.021 nd 4.200 0.035 nd 84 26 b037ecsa02 -4 1.800 0.050 nd
20014.0 1475 37 SAM 0.004 nd 0.460 0.007 nd 72 18 b037cesa02 -4 0520 0014 nd
2000140 1476 37 FR 0.003 nd 0.430 0.008 nd 7 " b037cesa02 -4 0.470 0012 nd
20014.0 477 37 R 0.003 nd 0.380 0.006 nd 64 9 b037cesa02 -3 1.000 0.024 nd
0 37l nd nd nd nd nd 48 23 b037cesa02 -4 0310 0005 nd
0 37 Cc2 nd nd nd nd nd 84 9 b037cesa02 -4 0.320 0.005 nd -




San Francisco Reference Site Study Toxicity Data

STANUM IDORG LEG TYPE EEI_BATCH EEIQC EEI ONH4 EEI ONH3 EEI OH2S EEIINH4 FELINH3 EEI IH2S SPPDI00 MN SPPD100_SD SPPD_BATCH SPPDQC SPD_INH4

200050 1219 31  SAM  bO3leesa0d 4 nd nd 0.0020 6.000 0.039 0.0231 92 4 b03 Ispda0! 4 0.848
20005.0 120 3 R " 90 4 b031spda0l 4 0.745
20005.0 1221 RE T & : 93 6 b0315pdadl -4 0.788
20006.0 1222 31 SAM  b03lcesad -4 nd nd 0.0032 1.500 0,035 0.0037 9% 2 b031spda0l 4 0.657
20006.0 122 3 R ) : . 97 1 b0 spda0l 4 0.698
20006.0 1224 3 IR : . - : 95 2 b03 1spdaOi 4 0.702
20007.0 12257 3 - SAM  b03icesa0d 4 ond nd 0.0015 1.200 0.063 0.0027 9% I b0} spda0t 4 0.678
20007.0 1220 3 IR : 96 3 b03 1spda0l 4 0.630
20007.0 1227 3 R 9 3 b0} spdaOi 4 0.684
20008.0 1222 3t SAM  hO3icesa03 -4 0.180 0011 0.0023 1.400 0.062 0.0084 95 3 b031spda0l 4 0.202
20008.0 1229 3 R ' 95 4 b0315pda01 4 0613
20008.0 1220 31 IR . . 95 2 b031spda0l 4 0.539
20009.0 1231 31 SAM  bO3teesa03 -4 " nd nd 0.0016 4.300 0.132 0.0047 97 2 b03 Ispda0l 4 0.700
20009.0 1232, 3 IR T 92 7 03 1spdad 4 0.657
20000.0 1233 3 R : . 4] b03 Ispda0! -4 0.672
0 ol b0} cesaD3 4 nd nd 0.0009 95 2 b0315pda0] 4 nd
20005.0 1308 35 SAM  b03Seesal} A 0.190 0.003 nd 0410 . 0004 nd 9 -5 b035spda0! -3 1.000
00050 1399 35, IR 9 2 b035spdadl =] 0970 -
20005.0 1400 3% MR % 3 b035spda0l x] 0.950
20006.0 1401 35 SAM  b03Secsad3 3 0.100 0.004 nd 0510 0.004 nd 96, 3 b035spda0l x] 1.200
20006.0 1402 35 R : 97 2 b035spda0! 3 1.200
20006.0 1403 35 FR : 97 1 b035spda0i 3 1.100
20007.0 1404 35 SAM  bO3S5eesa03 3 0.106 0.00! nd 0.560 0.004 nd 97 1 b035spda0l 3 1.500
20007.0 1405 3% PR 94 3 b035spda0l 3 1.500
20007.0 1406 35 IR . ‘ 97 2 b035spda0i -3 1.300
20009.0 1407 35 SAM - b03Seesa0} 3 .. 0470 0018 nd 2.840 0018 nd. 82 4 b035spdad1 =] 3.100
20009.0 1408 35 R ' : 64 20 b035spda0i 3 2.700
20009.0 149 35 R 7 7 b035spdaOl -3 2.900
20010.0 1410 35 SAM  bO3Seesa03 3 0.240 2.340 % | b03Sspda0l 3 2.200
20011.0 1411 35 SAM  bD3Seesa03 3 - 9.200 12.000 0 0 b035spda0! R | 26.000
0 35 Cl 9% 2 b035spda01 -3
20005.0 1461 37 SAM 95 2 b037spda0t 4 0.640
20005.0 1462 31 R 97 1 b037spdadi -4 0.650
20005.0 1463 37 R 98 1 b037spda0l 4 . . 089
20007.0 1464 37 SAM 95 2 b037spda03 3 0.340 -,
200070 - 1465 37  FR . S . o - . 98 2 b0375pda03 3 0.350
200070 1466 37 IR : o o N o 96 - 1 b037spda03 3 10.330
20006.0 1467 37  SAM ) ’ : 98 1 b037spda03 -3 0.170
20006.0 1468  37° R % 3 _ b037spda03 3 0.170
200060 © 1469 37 FR : 97 1 b037spda03 3 0.160
20065.0 1470 37 SAM 91 7 b037spda0t 4 1.000
20012.0 1471 . 37 SAM : . 94 3 b037spda0l 4 1.400
20013.0 1472° 37 SAM : ‘ 94 3 b037spda0l 4 1.510
20013.0 1473 37 R ' - 9% 1 b037spda0i 4 1.800
200130 1474 37 R _ 95 4 b037spda0l 4 2.000
20014.0 1475 31 SAM . _ - 98 0 b037spda0l 4 1.700
20014.0 1476 3 R 9 1 b037spda0l 4 1.500
20014.0 1477 37- R 97 1 b037spda01 4 1.400
0 7 Cl . ’ 98 2 b037spda0! -4 " nd -
0 7 Q@ : . . 99 2 b037spdadl -4 0.630



San Francisco Refercnce Site Study Texicity Data

- STANUM IDORG LEG TYPE SPD_INH3 SPD_IH2S SPDI_MN SPDI_SD SPDI_BATCH_SPDIQC SPDI_ONH4 SPDI_ONH3 SPDI_OH2S SPDI_INH4 -SPDI_INH3 SPDI_IH2S MEP100_MN

20005.0 1219 31 SAM 0.007 0.0062 92 3 b0 spda02 -4 0.670 0.012 0.0012 . 69
20005.0 1220 31 MR 0.006 0.0051 ) v 65
20005.0 22t 3 R 0.006 0.0048 _ . . 7
20006.0 1222 31 SAM 0.007 0.0075 93 2 b03 1spda02 4 TR0, 0.022 00077 . 83
20006.0 1223 31 IR 0.007 0.0062 mn
200060 1224 ] R 0.0i2 0.0073 ) 9
20007.0 1225 31 SAM 0.007 00167 ' 93 2 b03 1spda02 4 0580 0013 0.0018 9
20007.0 1226 3 R 0.009 0.0085 ' : ’ 83
20007.0 1227 3 R 0015 0.0236 ) . : 81
20008.0 1228 31 SAM 0.002 0.0065 95 4 b03 1 spda02 4 0.300 0.004, 0.0024 . 85
20008.0 1229 31 R 0.004 0.0111 : » 9
20008.0 120 3t R 0.003 0.0082 : ' .- 86
20009.0 ° 1231 31 SAM 0.015 0.0123 84 25 b031spda02 4 0.680 0.008 0.0043 . : n
20009.0 1232 31 R 0.012 0.0229 : . 78
20009.0 1233 3 IR 0.007 0.0036 . . ’ o - 83
0 31 Ci nd 9 1 b031spda02 -4 nd nd 0.0006 _ 76
20005.0° 1398 35  SAM 0.008 nd 95 2 b0355pda02 4 ‘ -
20005.0 1399 35 FR 0008 - nd
20005.0 1400 35 FR 0.009 nd :
20006.0 1401 © 35 SAM 0.012 nd 94 2 b035spda02 -4
20006.0 1402 35 R - 0012 . . nd :
20006.0 1403 35 R 0.020 nd
200070 1404 35 SAM 0019 nd 9 2 b035spda02 4 0.130 0.001 nd
20007.0 1405 35 R 0029 nd : .
20007.0 1406 35 R 0.024 nd . : ) . .
20000.0 1407 3 SAM 0.049 nd 7 43 b035spda02 4 0.400 0.004 nd
20009.0 1408 35 R 0027 nd
20009.0 1409 35 R 0.029 nd :
20010.0 1410 35 SAM 0.037 nd 97 3 b035s5pda02 4 4.100 0.038 nd
20011.0 1411 35 SAM 0.478 0.0620 0 0 b035spda02 -4 8.900 0.083 0.0080
0 35 Cl 93 2 b035spda02 4 . nd .
20005.0 1461 37 SAM 0.006 nd 9% 1 b037spda02 -4 0.250 0.005 nd 2200 0.016 nd 93
20005.0 1462 37 R 0.005 nd ’ 89
20005.0 1463 37 R 0014 nd . 78
20007.0 1464 37 SAM 0.006 nd 84 7 b037spdal4 3 0.960 0.010 nd 2.800 0.019 nd 78
20007.0 1465 37 R 0.005 nd 76
20007.0 1466 37 R 0.006 nd 78
20006.0 1467 37 SAM 0.003 nd 93 4 b037spda04 3 0.660 0.009 o . 8.800 0.039 " nd 78
20006.0 1468 37 R 0003 nd 76
20006.0 1460 37 R 0.002 nd v 78
20009.0 1470 37 SAM 0.018 nd 9% 2 b037spda02 -4 0.700 0.011 nd 1.300 0.014 nd 85
20012.0 1471 37 SAM 0.014 nd 95 5 b037spda0d2 -4 0.600 0012 nd 2.600 0.022 0.0220 92
20013.0 1472 37 SAM 0023 nd 97 ' H0ATspdat2 -4 1.300 0.022 nd 8.100 0.079 00135 89
20013.0 1473 37 R 0018 nd 90
20013.0 1474 37 IR 0030 nd , 82
20014.0 1475 37 SAM 0.033 nd 98 . 1 b0 7spdan2 -4 0.200 0.005 nd 1.700 0.033 nd %0
20014.0 1476 37 IR 0.033 nd . S92
200145 1477 37 R 0021 . nd : : . 87
0 37 o] nd nd 98 1 b037spda02 -4 nd nd nd 94 -
0 37 C2 0.010 nd 93 1 b037spdaO4 -4 84




- San Francisco Reference Site Study Toxicity Data

STANUM IDORG LEG TYPE MEPI00 SD MEP BATCH MEPQC MEP_INH4 MEP INH3 MEP IH2S NP_MN NP SD NP_BATCH NPQC._NP_ONH4 NP ONH3 NP_OH2S _NP_INH4

20005.0 1219 3 SAM 20 5031 mesa0l - 4 0.905 0.012 0.0065 .
20005.0 1220 3 R 12 bO3Imesa0l * 4 0917 0.013 0.0042
20005.0 1221 LI © 5 b031mesa0) 4 1.060 0.018 0.0069
20006.0 1222 31 SAM 9 b03 1 mesad! -4 0.768 0012 0.0051
20006.0 1222 M IR 13 bO3 Imesa0l -4 0.758 0011 - 0.0028
20006.0 1224 31 IR 2 b03 I mesa0l 4 0717 - 0013 0.0018
20007.0 1225 3 SAM n * b03 1 mesaOl 4 0.698 0011 0.0062
20007.0 1226 3 MR 9 bO3 ImesaOl -4 0.695 0016 00022
20007.0 1227 31 R 1 b03 Imesa0l -4 0.934 0.021 0.0030
20008.0 1228 31 SAM 10 031 mesa0l -4 0.195 0.004 0.0054
20008.0 1229 3 R 1 b03 I mesa0l 4 0.686 0.013 0.0091
20008.0 120 31 R 10 b031mesa0l 4 0.509 0.009 0.0015
20009.0 1231 1 SAM 9 ~ b031mesa0! 4 0.698 0.014 00110
20009.0 1232 31 R 12 503 Imesa0l 4 0.680 0012 0.0057
20009.0 1233 31 R 12 b031mesa0l 4 0.586 0.012 00101
0 KT I of 8  b031mesa0l 4 d nd :
20005.0 1398 35 SAM : 100 0 b03Snpsa0t 4 0.420 0.027 nd 2.100
20005.0 1399 35-- FR - - - - - - : -
20005.0 1400 35 IR o :
20006.0 1401 35 SAM » 9 1 bO3Sapsadl 4 0530 0.021 nd 2.400
20006.0 1402 3% R : -
20006.0 1403 35 KR , .
20007.0 1404 35 SAM 95 6 b03Snpsad| 4 0500 . 0.013 nd 2300
20007.0 1405 35 R : .
200070 1406 35 IR _ o ' : . : ,
20009.0 1407. . 35 SAM . : 97 3 b035npsa0l 4 0.700 - 0.020 nd ©o4a00
20000.0 1408 kA3 R : ) -
200090 1400 35 R :
20010.0 1410 35 SAM 100 0 bO33npsall 4 0.750 0.021 nd 3.400
200110 1411 35 SAM : 97 4 b03Snpsadl 4 6500 . °  0.000 nd 33.000
0 s Cl _ 100 0 b035npsa0l 4 0210 - 0014 nd
20005.0 1461 37 SAM 3 b037mesa0l * -4 0.830 ©o0021 - nd 65 15 b037npsa0l 5 0.250 0.005 nd 2.200
20005.0 1462 37 R 3 b037mesa0l -4 0930 0.023 nd :
20005.0 463 37 R 7 b037mesa0l -4 1.100 0.028 nd
20007.0 1464 37 SAM 9 b037mesa02 4 0.450 0.004 0.0010
20007.0 1465 37 FR 7 'b037mesa02 4 0.400 - 0.005 d - :
20007.0 66 37 R L b037mesa02 -3 0550 - 0.009 nd T . )
200060 1467 37 SAM 8 b037mesald2 -4 0.300 0.007 nd
20006.0 1468 37 IR 6 “5037mesa02 -4 0.280 0.009 nd
20006.0 1469 37 R 6 b037mesa02 4 0220 - 0.004 nd
200000 - 1470 3T -SAM’ 6 b037mesa01 4 1.100 0.024 nd 81 5 b037npsa0l 5 0.700 0011 nd 1.300
20012.0 1471 37 SAM 5 b037mesa0t 4 C 1400 0039 nd 72 17 b037npsa0l 5 0.600 0.012 nd 2.600
20013.0 1472 37 SAM 5 b03Tmesa0l -4 1.600 . 0.049 nd 69 10 b037npsa0l 5 102.000 1.835 nd 5.600
20013.0 1473 37 R 7 b03Tmesa0l - 4 1700 . 0057 nd : . -
20013.0 1474 37 R 20 b037mesa0l. -4 1.900 0.043 nd o . : .
20014.0 1475 37 SAM 6 b037mesa0l 4 1.100 0030 nd 70 16 - b037npsall 5 0.200 0.005 nd " 1700
20014.0 1476 37 FR s b037mesa0l -4 1.000 0.028 nd ' :
20014.0 477 3 R 4 b037mesa0l 4 1.000 -0.019 nd .
0 7 Cl 7 b037mesa0l 4 0.280 0.010 nd 85 4 b037npsa0l 5 nd nd nd
0 7 Q2 10 b037mesa02 4 . .

0340 - 0.014 nd
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Appendix C

Data Base Description



DATA BASE DESCRIPTION
- for the

SAN FRANCISCO BAY REFERENCE STUDY PROJECT
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'I; OVERVIEW OF THE BAY PROTECTION PROGRAM

‘The California State Water Resources Control Board (SWRCRB) has
contracted the California Department of Fish and Game (CDFG) to
coordinate the scientific aspects of the Bay Protection and Toxic
Cleanup Program (BPTCP), a SWRCB program mandated by the
California Legislature. The BPTCP is a comprehensive, long-term
effort to regulate toxic pollutants in California's enclosed bays
and estuaries. The program consists of both short-term and long-
term activities. The short-term activities include the
identification and priority ranking of toxic hot spots,
development and implementation of regional monitoring programs
designed to identify toxic hot spots, development of narrative
sediment quality objectives, development and implementation of
cleanup plans, revision of waste discharge requirements as needed
to alleviate impacts of toxic pollutants, and development of a
comprehensive database containing information pertinent to '
describing and managing toxic hot spots. The long-term
activities include development of numeric sediment quality
objectives; development and implementation of strategies to
prevent the formation of new toxic hot spots and to reduce the
severity of effects from existing toxic hot spots; revision of
water quality control plans, cleanup plans, and monitoring
programs; and maintenance of the comprehensive database.

Actual field and laboratory work is performed under contract by
the California Department of Fish and Game (CDFG). The CDFG
subcontracts the toxicity testing to Dr. Ron Tjeerdema at the
University of California at Santa Cruz (UCSC) and the laboratory
testing is performed at the CDFG toxicity testing laboratory at
Granite Canyon, south of Carmel. The CDFG contracts the majority
of the sample collection activities to Dr. John:-Oliver of San

. Jose State University at the Moss Landing Marine Laboratories
(MLML) in Moss Landing. Dr. Oliver also is subcontracted to
perform the TOC and grain size analyses, as well as to perform
the benthic community analyses. CDFG personnel perform the trace
metals analyses at the trace metals facility at Moss Landing
Marine Laboratories in Moss Landing. The synthetic organic
pesticides, PAHs and PCBs are contracted by CDFG to Dr. Ron
Tjeerdema at the UCSC trace organics facility at Long Marine
Laboratory in Santa Cruz. . MLML currently maintains the Bay
Protection and Toxic Cleanup Database for the SWRCB. Described
below is a description of that database system. _

II. DESCRIPTION OF COMPUTER FILES

The sample collection/field information, chemical, and toxicity
data are stored on hard copy, computer disks and on a 486DX PC at
Moss Landing Marine Laboratories. Access 1s limited to Russell
Fairey. Contact Russell Fairey at (408) 633-6035 for copies of
data. The data are stored in a dBase 4 program and can be
exported to a variety of formats. There are three backups of
this database stored in two different laboratories. The data are
entered into 1 of 2 files. CHM31_37.0BF file contains all the




collection and chemical data. TOX31;37.DBF filé contains all the

. collection and toxicity test data. A hardcopy printout of the

dBase database structure is attached, showing precise
characteristics of each field. o

The CHM31_37.DBF file is the chemistry data file which contains
the following fields (the number at the start of each field is
the field number): :

- 1.

STANUM. This numeric field is 7 characters wide with 1
decimal place and contains the CDFG station numbers
that are used statewide. The format is YXXXX.Z where Y

" is the Regional Water Quality Control Board Region

number and XXXX is the number thatc corresponds to a

" given location or site and Z is the number of the

station within that site. An example is San Pablo
Bay- Island #1, in San Francisco Bay, where the STANUM
is 20007.0. The 2 indicates Region 2. The 0007

. indicates that it is Site 7 and the .0 is the replicate

(if any) at the station within Site 7.

- STATION. This character field is 30 characters wide and

contains the exact name of the station.

IDORG. This numeric field is 8 characters wide and contains
the unique 1.d. organizational number for the sample.

For each station collected on a unique date, an idorg

sample number is assigned. This should be the field

that links the collection, toxicity, chemical, and

other data bases.

DATE. This date field is 8 characters long and-is the date
that each sample was collected in the field. It is
listed as MM/DD/YY.

LEG. This numeric field is 6 characters wide and is the
leg number of the project in which the sample was
collected.

LATITUDE. This character field is 12 characters wide and

contains the latitude.of the center of the station
campled. The format is a character field as follcws:

XX,YY,2Z, where XX is:in degrees, YY is in minutes, and
ZZ 1s 1n seconds or hundreds. ’

LONGITUDE. This character field is 14 characters wide and

contains the longitude of the center of the station
sampled. The format is a character field as follows:

CXX,YY,ZZ, where X¥X 1is in degrees, YY 1is in minutes,

and ZZ i1s 1in secconds or hundreds.

. " . HUND_SECS. This character is 1 character. wide and contains

the designation "h" if the latitude and lecngitude are
given in degrees, minutes, hundreths of a minute. The



designation *s" is given when latitude and longitude
are given 1in degrees, minutes, seconds.

.9.. "GISLAT. This numeric field is 12 characters wide with 8
decimal places and contains the latitude of the staticn
'sampled in Geographlcal Information System format. The
format is a numeric field as follows: XX.YYYYYYYY,
where XX 1s in degrees and YYYYYYVYY is a decimal
fraction of the preceding degree. v

10. - GISLONG. This character field is 14 characters wide with
8 decimal places and contains the longitude of the
station sampled. The format is a .character field as

follows: XXXX.YYYYYYYY where XXXX is in degrees and .
YYYYYYYY is a decimal fraction of the preceding degree.

11. DEPTH. This character field is 4 characters wide and
contains the depth at which the sediment sample was
collected, in meters to the nearest one half meter.

12. METADATA. This 1s an index directing the user to takles
or files of ancillary data pertinent to associated
test. Character .field, width 12.

TRACE METALS IN SEDIMENT are presented in fields 13 through 32.
All sediment trace metal results are reported on a dr} welght
basis in parts per million (ppm).

A.  When the value is missing or not analyzed, the value is
.reported as "-9.0" = not analyzed. :

B. - When the value is less than the detection limit of the
analytical test, the value is reported as "-8.0" = not
detected. _ ’

- Sediment trace metals are numeric.fields of varying charactrer
width, and including the following elements, listed b} field
number, then field name as it appears in the database, trhien
numeric character width and number of decimal places: '

13. TMMOIST. 6.2 ' -

14, ALUMINUM. 9.2

15, ANTIMONY. 7.3

16. ARSENIC. 6.3

17. CADMIUM. 7.4

18. CHROMIUM. 8.3
2

18. COPPER. 7.

20. TIRON. 7.1

21. LEAD. 6.3

22. MANGANESE. 7.2
23. MERCURY. 7.4

24. NICKEL. 7.3
25. SILVER. 7.4




26. SELENIUM. 6.3

27. TIN. 8.4

28. ZINC. 9.4

29. ASBATCH. 5.1

30. SEBATCH. 5.1 ' '

31. TMBATCH. The Batch number that the sample was digested

in, numeric character width 5 and 1 decimal places.
32. TMDATAQC. Data qualifier codes are notations used by data

reviewers to briefly describe, or gqualify data and the
systems producing data, numeric character width 3.
Data qualifier codes are as follows:

A. When the sample meets or exceeds the control criteria

requirements, the value is reported as "-4".

B. When the sample has minor exceedences of control criteria
but is generally usablé for most assessments and _
reporting purposes, the value i1s reported as "-5". For

. samples.coded "-5" it is recommended that if
assessments are made that are . especially sensitive or
critical, QA evaluatlons should be consulted before
using the data. :
C. When QA samples have major exceedences of control criteria
requirements and the data are not usable for: most
:assessments ‘and reportlng purposes, the value is reported as
. -6". '
D. When the sample has mlnor exceedences of control criteria
and is unlikely to affect assessments, ' the value is
- reported as -3. ' »

SYNTHETIC‘ORGANICS are presented in fields 33 'through 147. all
synthetic organic results are reported on a dry welght basis in
parts per bllllon (ppk or ng/g) .

A. When the value is missing or not analyzed, the value is
reported as "-9.0" = not analyzed.

B. When the value is lesgs than the detection limit of the
analytical test, the value 1s reported as "-8.0" = not
detected. ' ,

Synthetic organics are reported on a dry weight basis in parts
per billion (ppb or ng/g) and are numeric fields of varying
character width, and include the following compounds, listed by
field number, then field name.as it appears in database (and
followed by the compound name if not obvious), and then finally;
the numeric character width and number of dec1mal places 1is
given:

33. SOWEIGHT. This numeric field is 6 characters wide with 2
decimal places and contains the welght of the sample
extracted for analycls

34, . SOMOIST. This numeric field is 6 characters ulde with 2

decimal places and contains the percent m01sture of the

sample extracted.

ALDRIN. 9.3

CCHLOR. cis-Chlordane. g.3

oy (N
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37. TCHLOR. trans—Chlofdane. 9.3

38. ACDEN. alpha-Chlordene. 9.3
39.. GCDEN. ~gamma-Chlordene. 9.3
40. CLPYR. Chlorpyrifos. . 8.2
41. DACTH. Dacthal. 9.3

42, OpPDDD. o,p'-DDD. 8.2

43. PPDDD. p,p'-DDD. 9.3

44. OPDDE. o,p'-DDE. 8.2

45. PPDDE. p,p'-DDE. 8.2

46. PPDDMS. p,p'-DDMS. 8.2

47. PPDDMU. p,p'-DDMU. 8.2

48, OPDDT. o,p'-DDT. 8.2

49. PPDDT. . p,p'-DDT. 8.2

50. DICLB. p,p'-Dichlorobenzophenone. 8.2
51. DIELDRIN. 9.3 .

52. ENDO_I. Endosulfan I. 9.3
53. ENDO_II. Endosulfan II.- 8.

2
54. ESO4. Endosulfan sulfate. 8.2
55. .ENDRIN. 8.2 : : .
56. HCHA. alpha HCH 9.3

57. HCHB. beta HCH 8.2 .
58. HCHG. gamma HCH (Lindane) 9.3
59. HCHD. delta HCH 9.3

60. HEPTACHLOR. 9.3

61. HE. Heptachlor Epoxide. 9.3
62. HCB. Hexachlorobenzene. 9.3
63. METHOXY. Methoxychlor. 8.2
64 . MIREX. 9.3

65. CNONA. cis-Nonachlor. - 9.3
66. TNONA. trans-nonachlor. 9.3
67. OXAD. K Oxadiazon. 8.2

68. OCDAN. Oxychlordane. 9.3
69. TOXAPH. . Toxaphene. 7.2

70.. TBT. tributyltin. 8.4

71. PESBATCH.The batch number that the sample was extracted in,
numeric character. width 6 and 2 decimal places. -

72. PCBS. 9.3 '

73. PCB8. 9.3
74. PCB1S. 9.3
75. PCB18. 9.3
76. PCB27. 9.3
77. PCBZ28. 9.3
78. PCB29. 9.3
79. PCB31. 9.3
80. PCB44. 9.3
81. PCB49. 9.3
82. PCB5Z. 9.3
83. PCB66. 9.3
84. PCB70. 9.3
85. PCB74. 9.3
86. PCB&7. 9.3
87. PCBSS. 9.3
88. PCRBY97. 9.3
89. PCB99. 9.3




80.
91.
92.
93.
94.
95.
96.

. 97.

98.
99

104

105.
- 106.
107.
108.
109
110.
111.
112.

113

114.
115.
116.
117.
118.
119.
120.
121.

122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134 .
135.
136.
137.
138.
139,
140.
141.
142,

100.
~101.
102.
103.

PCB101. 9.3
.PCB105. 9.3
PCB110. 9.3
PCB118. 9.3
PCB128. 9.3
PCB132. 9.3
PCB137. 9.3
PCB138. 9.3
" PCB149. 9.3
PCB151. 8.3
PCB153. 9.3
PCB156. 9.3
PCB157. 8.3
. PCB158. 9.3
.. PCB170. 9.3
PCB174. 9.3
~PCB177. 9.3
PCB180. 9.3
PCB183. 9.3
PCBR187. 9.3
PCB189. 9.3
PCB194. 9.3
- PCB195. 9.3
. PCB201. 9.3
PCR203. 9.3
PCB206. 8.3
PCB209. 9.3
ARQ1248. 9.3
ARQO1254., 9.3
AR0O1260. 9.3
AROS5460. 9.3 ‘ ' ‘ o . o
PCBBATCH. The batch number that the sample was extracted
in, numeric character width 6 and 2 decimal place.
ACY. Acenaphthylene. 8.2
ACE. Acenaphthene. 8.2
ANT. Anthracene. 8.2
BAA. Benzl[a]anthracene. 8.2
BAP. Benzolalpyrene. 8.2
BBF. Benzo[b]fluoranthrene. 8.2
BKF. Benzolkl}fluoranthrene. 8.2
BGP. Benzo[ghi]lperylene. 8.2
BEP. Benzo[elpyrene. 8.2
BPH. Biphenyl. 8.2
CHR. .Chrysene. 8.2
DBRA. Dibenz(a,h]anthracene. 8.2
DMN. 2,6-Dimethylnaphthalene. 8.2
FLA. Fluoranthrene. . 8.2
FLU. Fluorene. 8.2
IND. Indol[l,2,3-cd)pyrene. 8.2
MNP1. 1-Methylnaphthalene. 8.2
MNP2. 2-Methylnaphthalene. - 8.2
MPH1. 1-Methylphenanthrene. 8.2
NPH. Naphthalene. 8.2
PHN. Phenanthrene. 8.2



143. PER. Perylene. 8.2
144 . PYR. Pyrene. 8.2 '
"14%. TMN. 2,3,4-Trimethylnaphthalene. 8.2

 146. PAHBATCH " The batch number -that the sample was extracted
in, numeric character width 6 and 2 decimal places.
147. SODATAQA. Data qualifier codes are notations used by data

reviewers to briefly describe, or qualify data and the
systems producing data, numeric character width 3. Data
qualifier codes are as follows:

A, When the sample meets or exceeds the control criteria

requirements, the value is reported as "-4".

B. When the sample has minor exceedences of control criteria
but is generally usable for most assessments and
reporting purposes, the value is reported as "-5".  For

samples coded "-5" it is recommended that if
assessments are made that are especially sensitive or
critical, the QA evaluations should be consulted before
using the data.

C. When QA samples have major exceedences of control Criteria
requirements and the data are not usable for most ,
assessments and reporting purposes, the value is
reported as "-6".

D. ~ When the sample has minor exceedences of control criteria
and is unlikely to affect assessments, the value is
reported as -3.

SEDIMENT PARTICULATE SIZE ANALYSES DATA. Field 148, with a field
name of "FINES", represents the sediment particulate size ("grain
size") analyses data for each station. The grain size results
are reported as percent fines.

148. FINES. Sediment grain size (percent fines) for each
station. Numeric field, width 5 and 2 decimal places.
A, When the value is missing or not analyzed, the value 1is
reported as "-9.0" = not analyzed. '
B. When the value is less than the detection limit of the
~ analytical test, the value is reported as "-8.0" = not
detected. o ‘
149. FINEBATCH. The batch number that the sample was analyzed
in, - numeric field character width 4.
150. FINEDATAQC. Data qualifier codes are notations used by

data reviewers to briefly describe, or qualify data and
the systems producing data, numeric character width 3.
Data qualifier codes are as follows:

A. When the sample meets or exceeds the control criteria

requlrements, the value is reported as "-4".

B. . When the sample has minor exceedences of control criteria
but 1is generally usable for most assessments and
reporting purposes, the value is reported as "-5". For

samples coded "-5" it 1is recommended that if
assessments are made that are especially sensitive or
critical, QA evaluations should be consulted before
A using the data.
C. When QA samples have major exceedences cf control criteria
requirements and the data are not usable for most




assessments and reporting purposes, the value is
reported as "-6". -
D. When the sample has minor exceedences of control criteria
- and 1s unlikely to affect assessments, the value is
reported as -3. »

SEDIMENT TOTAL ORGANIC CARBON (TOC) ANALYSES' DATA. Field 151
presents the levels of total organic carbon detected in the
sediment samples at each station. All TOC results are reported
as percent of dry weight.

151. TOC. Total Organic‘Carbon (TOC) levels (percent of dry
weight) in sediment, for each station. Numeric field,
'width 6 and 2 decimal places.

A, When the value is missing or not analyzed, the value is
- reported as "-9.0" = not analyzed. '

B. - When the value is less than the detection limit of the
analytical test, the value is reported as "-8.0" = nct
detected. : A '

152. TOCBATCH. = The batch number that the sample was analyzed

in, numeric field character width 4.

153, TOCDATAQC. Data qualifier codes are notations used by .
data reviewers to briefly describe, or qualify data and
the systems producing data, numeric character width 3.
Data qualifier codes are as follows:

A. When the sample meets or exceeds the control criteria

-requirements, the value is reported as "-4".

B. When the sample has minor exceedences of control crltcrla
but is generally usable for most assessments and
reporting purposes, the value is reported as "-5". For

" samples coded "“-5" it is recommended that .if
assessments are made.that are especially sensitive or
critical, the QA evaluations should be consulted before
u51ng the data.

C. When QA samples have major exceedences of contrcl criteria
requirements and the data are not usable for most
assessments .and reportlng purposes, the value 1s
reported as "-6".

D. When the sample has minor exceedences of control Crlterla
and is unlikely to affect assessments, the value is
reported as -3.

The TOX31 37 .DBF flle is the tox1c1ty data file. whlch contains
the following fields (the' number at the start of each field is
the field number: ,
1. STANUM. This numeric field is 7 characters wide with 1
decimal place and contains the CDFG station numbers
that are used statewide. The format is VYXXXX.Z where Y
is the Regiocnal Water Quality Control Board Region
number and XXXX 1s the number that corresponds to a



'given location or site and Z is the number of the
station within that site. An example is San Pablo

" Bay- Island #1 in San Francisco Bay where the STANUM is
20007.0. The 2 indicates Region 2. The 0007 indicates
that it is Site 7 and the .0 is the replicate (if any)
at the station within Site 7.

2.  STATION. This character field is 30 characters wide and
contains the exact name of the station.
3. IDORG. ' This numeric field is 8 characters w1de with 0

decimal places and contains the unique i.d.
organizational number for the sample. For each station
collected on a unigue date, an idorg sample number is
assigned. This. should be the field that links the

, collection, toxicity, chemical, and other data bases.

4. DATE. This date field is 8 characters long and is the
date that each sample was. collected in the field. It is
listed as MM/DD/YY.

5. LEG. This numeric field is 6 characters wide and is the

~ leg number of the project in which the sample was
collected.

6. LATITUDE. This character field is 12 characters wide and
contains the latitude of the center of the station
sampled. The format is a character field as follows:
XX,YY,2Z, where XX 1is in degrees, YY is in minutes, and
ZZ 1is in seconds or hundreds.

7. - LONGITUDE. This character field is 14 characters wide and

: contains, the longitude of the center of the station
sampled. The format 1is a character field as follows
XX,YY,Z2Z, where XXX 1is 1in degrees, YY is in minutes,
and ZZ 1s in seconds or hundreds.

8.  HUND_SECS. This character field is 1 character wide and

- contains the designation "h" if the latitude and
longitude are given in degrees, minutes and hundreths
of a minute. The designation "s" is given when latitude
and longitude are given in degrees, minutes and
seconds.

9. GISLAT. This numeric field is 12 characters wide with 8
decimal places and contains the latitude of the station
sampled in Geographical Information System format. The
format is a numeric field as follows: XX.YYYYYYYY,

where XX '1s in degrees and YYYYYYYY is a decimal

fraction of the preceding degree.

10. GISLONG. This character field is 14 characters wide with 8
decimal places and contains the longitude of the
station sampled. The format is a character field as
follows: XXXX.YYYYYYYY where XXXX is in degrees and
YYYYYYYY is a decimal fraction of the preceding degree.

11. TYPE. This character field is 7 characters wide and

describes whether the sample was a field sample, replicate or

control.

12. METADATA,. This 1s an index dlrectlng the user to takles
or files of ancillary data pertinent to associated
test. Character field, width 12.




AMPHIPOD SURVIVAL TOXICITY TEST DATA. The following are
descriptions of the field headings for the amphipod (Ampelisca
abdita (AA) toxicity test using homogenized sedlment samples;
presented in fields 13 through 23.

13,
14.
15.

16.

17.

18.

19.

AA_MN. Station mean percent survival. Numeric field,
width 6 and 0 decimal places. _
AA_SD. Station standard deviation of percent survival.

Numeric field, width 6 and 0 decimal places.

. AA_SG. Station statistical significance, representing

the significance of the statistical test between.the
home sediment and the sample. A single * reéepresents -
significance at the .05 level, and double ** represents
significance at the .01 level. ns = not statistically
significant. A "-9" 'indicates no statlstlcs were run,
Character field, width 5.

AA_BATCH. The batch number that the sample were run
in, character width 10. -

AAQC. Data qualifier codes are notations used. by data

‘reviewers to briefly describe, or qualify data and the
- systems producing data, numeric width 4. Data

qualifier codes are as follows:

When the sample meets or exceeds the control criteria
requirements, the value is reported as "-4".

When the sample has minor exceedences of control
criteria but is generally usable for most assessments
and reporting purposes, the value is reported as "-5".

" For samples coded "-5" it is recommended that if

assessments are made that are especially sensitive or
critical, the QA evaluatlons should be consulted before

.using the data.
. When  the QA sample has major exceedences of. control
‘ crlterla requirements and the data is not usable for

st assessments and reportlng purposes, the‘value is

reported as "-6".

When the sample has minor exceedences of control
criteria and is unlikely to affect assessments, the

- value is reported as -3.

AA_OTNH3. Total ammonia concentration (ppm in water)
in overlying water (water above bedded sediment) for
each station analyzed using amphipod toxicity tests.
When the value is missing or not analyzed, the value is

reported as "-9.0" = not analyzed. When the value is
less than the detection limit of the analytical test,
the value is reported as "-8.0" = not detected.

Numeric field, width 7 and 3 decimal places.

AA_OUNH3. Unionized ammonia concentration (ppm in water)

in overlying water (water above bedded sediment) for
each station analyzed using amphipod toxicity tests.
When the value is missing or not analyzed, the value is

reported as "-9.0" = not analyzed. When the value 1is
less than the detection limit of the analytical test,
the value is reported as "-8.0" = not detected.

Numeric field, width 7 and 3'decimal places.



20. AA_OH2S. "Hydrogen- sulfide concentration (ppm in
water) in overlying water (water above bedded sediment)
for each station analyzed u51ng amphipod toxicity
tests. When the value is missing or not analyzed, the
value is ‘reported as "-9.0" = not analyzed. When the
value is less than the detection limit of the
analytical test, the value is..reported as "-8.0" = not
detected. Numeric field, width 7 and 4 decimal places.

21, AA_ITNH3. Total ammonia concentration (ppm in water) in
interstitial water (water within bedded sediment) for
each station analyzed using amphipod toxicity tests.
When the value is missing or not analyzed, the value is
reported as "-9.0" = not analyzed. When the value is
less than the detection limit of the analytical test,
the value 1s reported as "-8.0" = not detected.

Numeric field, width 7 and 3 decimal places.
22. AA_TUNH3. Unionized ammonia concentration (ppm in

' water) interstitial water (water within bedded
sediment) for each station analyzed using amphipod
toxicity tests. When the value is missing or not
analyzed, the value 1s reported as "9.0" = not
analyzed. When the value is less than the detection
limit of the analytical test, the value is reported as

"-8.0" = not detected. Numeric field, width 7 and 3
. decimal places.
23.  AA_TIH2S. Hydrogen sulfide concentration (ppm in

water) in interstitial water (water within bedded
sediment) for each station analyzed using amphipod
toxicity tests. When the value is missing or not
analyzed, the value is reported as "-9.0" = not
analyzed. When the value is less than the detection
limit of the analytical test, the value is reported as
"-8.0" = not detected. Numeric field, width 7 and 4
decimal places.

AMPHIPOD SURVIVAL TOXICITY TEST DATA. The following are
descripticns of the field headings for the amphipod (Eghaustori
estuarius (EE) toxicity test using homogenized sediment samples;
presented in fields 24 through 34.

24. EE_MN. Station mean percent survival. Numeric field,
width 6 and 0 decimal places.

25. EE_SD. Station standard dev1atlon of percent survival.
Numeric field, width 6 and 0 decimal places.

26. EE_SG. Station statistical significance, representing

the significance of the statistical test between the
home sediment and the sample. A single * represents
- significance at the .05 level, and double ** represents

significance at the .01 level. ns = not statistically
significant. A "-9" 1nd1cates no, statistics were run.
Character field, width 5.

'27. EE_BATCH. The batch number that the sample were run
in, character width 10.

28. EEQC. Data qualifier codes are notations used by data




29.

31.

32.

reviewers to briefly describe, or qualify.data‘and the

systems producing data, numeric width 4. Data
qualifier codes are as follows: '

When the sample meets or exceeds the control criteria
requirements, the value is reported as "-4",

When the sample has minor exceedences of control
criteria but is generally usable for most assessments
and reporting purposes, the value is reported as "-5".
For samples coded "-5" it is recommended that if ‘
assessments are made that are especially sensitive or
critical, the QA evaluations should be consulted before
using the data.

When the QA sample has major exceedences of control crlterla
requirements and the data is not usable for most
assessments and reporting purposes, the value is
reported as "-6".

When the sample has minor exceedences of control
criteria and is unlikely to affect assessments, the
value is reported as -3. :

EE_OTNH3. Total ammonia concentration (ppm in water)
in overlying water (water above bedded sediment) for
each station analyzed using amphipod toxicity tests.
When the value is missing or not analyzed, the value is
reported as "-9.0" = not analyzed. When the value 1is
less than the detection limit of the analytical test,
the value is reported as "-8.0" = not detected.

Numeric field, width 7 and 3 decimal places.

EE_OUNH3 . Unionized ammonia concentration (ppm in water)
in overlying water (water above bedded sediment) for
each station analyzed using amphipod toxicity tests.

- When' the value is missing or not analyzed, the value is

reported as "-9.0" ="not analyzed. When the value is
less than the detectlon limit of the analytical. test,
the value is reported as "-8.0" = not detected

Numeric field, width '7 and 3 decimal places.

EE_OH2S. Hydrogen sulfide concentration (ppm' in
water) in overlying water (water above bedded sediment)
for each station analyzed u51ng amphipod toxicity
tests. When the value is missing or not analyzed, the
value is reported as "-9.0" = not analyzed. When the
value is less than the detection limit of the
analytical test, the value is reported as "-8.0" = not
detected. Numeric field, width 7 and 4 decimal places.
EE_ITNH3. Total ammonia concentration (ppm in water) in
interstitial water (water within bedded sediment) for
each station analyzed using amphipod toxicity tests.
When the value is missing or not analyzed,; the value is
reported as "-9.0" = not analyzed. When the value 1is
less than the detection limit of the analytical test,
the value is reported as "-8.0" = not detected.

Numeric field, width 7 and 3 decimal places.

EE_TUNH3. Unionized ammonia concentration (ppm in
water) interstitial water (water within bedded
sediment) for each station analyzed using amphipod



toxicity tests. When the value is missing or not
analyzed, the value is reported as "“-9.0" = not
analyzed. When the value is less than the detection
limit of the analytical test, the value is reported as

"-8.0" = not detected. Numeric field, width 7 and 3
decimal places. o
34. EE_IHZ2S. Hydrogen sulfide concentration (ppm in

water) in interstitial water (water within bedded
sediment) for each station analyzed using amphipod
toxicity tests. When the value is missing or not
analyzed, the value is reported as "-9.0" = not
analyzed. When the value is less than the detection
limit of the analytical test, the value is reported as
"-8.0" = not detected:. Numeric field, width 7 and 4
"decimal .places. -

AMPHIPOD SURVIVAL TOXICITY TEST DATA. The following are
descriptions of the field headings for the amphipod (Echaustorius
estuarius (EEP) toxicity test using sediment pore (interstitial)
water samples; presented in fields 35 through 42.

35. . EEP_MN. ‘Station mean percent survival. Numeric field,
width 6 and 0 decimal places.

36. EEP_SD. Station standard deviation of percent survival.
Numeric field, width 6 and 0 decimal places.

37. EEP_SG. Station statistical significance,

representing the significance of the statistical test
between the home sediment and the sample. A single *
‘represents significance at the .05 level, and double *=*
represents significance at the .01 level. ns = not
statistically significant. A "-9" indicates that
statistics were not run. Character field, width 5.

38. EEP_BATCH. The batch number that the sample were run
in, character width 10.
39. EEPQC. Data qualifier codes are notations used by

data reviewers to briefly describe, or qualify data and
the systems producingdata, numeric character width 4.
Data qualifier codes are as follows:

A. When the sample meets or exceeds the control criteria
requirements, the value is reported as "-4".

B. When the sample has minor exceedences of control
criteria but 1s-generally usable for most assessments
and reporting purposes, the value is reported as "-5%.
For samples coded "-5" it is recommended that if
assessments are made that are especially sensitive or
critical, the QA evaluations should be consulted before
using the data.

C. When the QA sample has major exceedences of control criteria
requirements and the data is not usable for most
assessments and reporting purposes, the value is
reported as "-6".

D. When the sample has minor exceedences of control criteria
and is unlikely to affect assessments, the valus is
reported as -3.




40. EEP_ITNH3. . Total ammonia concentration- (ppm in water) -in
interstitial water (water within bedded sediment) for
each station analyzed u51ng amphipod toxicity tests.
When the value is missing or not analyzed, the value is
reported as "-9.0" = not analyzed: When the value is
less than the detection limit of the analytical test,
the value is reported as "-8.0" = not detected.

Numeric field, width 7 and 3 decimal places. _

41. EEP_IUNH3. Unionized ammonia concentration (ppm in
water) interstitial water (water within bedded
sediment) for each station analyzed using amphipod
toxicity tests. When the value is missing or not
analyzed, the value is reported as "9.0" = not
analyzed. When the value is less than the detectlon _
limit of theée analytical test, the value 1is reported as

“-8.0" = not detected. Numeric field, width 7 and 3
, decimal places.
42. EEP_IH2S. Hydrogen sulfide concentration (ppm in

- water) in interstitial water (water within bedded
sediment) for each station analyzed using amphipod
toxicity tests. When the value is missing or not
analyzed, the value is reported as "-9.0" = not
analyzed. When the value 1s less than the detection
limit of the analytical test, the value is reported as

-8.0" = not detected. Numeric field, width 7 and 4 -

"decimal places. ‘ :

AMPHIPOD SURVIVAL TOXICITY TEST DATA. The following are
descriptions of the field headlngs for the amphipdd (Eohaustorius
estuarius (EEI) toxicity test using intact sediment core samples;
presented in fields 43 through 53.

43, EEI_MN. Station mean percent surv1val Numeric field,
width 6 and 0 decimal places. :
44. EEI_SD. Station standard deviation of percent sul*ﬂvaW.
' Numeric field, width 6 and 0 decimal places.
45, EEI_SG. Station statistical significance,

representing the significance of the statistical test.
between the home sediment and the sample. A single *

" represents significance at the .05 level, and double **
represents significance at the .01 level. ns = not
statistically significant. A "-9" indicates that no
statistics were run. Character field, width 5.

46. EEI_BATCH. The batch number that the samples were run
in, character width 10.
47. EEIQC. Data quallfler codes are notations used by

- data reviewers to briefly describe, or qualify data and
the systems producing data, numeric width 4. Data
qualifier codes are as follows:

A. When the sample meets. or exceeds the contlol c11terlu
requirements, the value is reported as "-4".

B. When the cample has minor exceedences of eontrol
criteria but 1is generally usable for most assessments
and reporting purposes, the value is reported as "-5".



48.

49 .

50.

51.

52.

For samples coded "-5" it is recommended that if
assessments are made that are especially sensitive or
critical, the QA evaluations should be consulted before
using the data.

When the QA sample has major exceedences of control criteria
requirements and the data is not usable for most :
assessments and reporting purposes, the value is

reported as "-6".

When the sample has minor exceedences of control

criteria and is unlikely to affect assessments, the

value 1s reported as -3. .
EEI_OTNH3. Total ammonia concentration (ppm in water)

in overlying water (water above bedded sediment) for

each station analyzed using amphipod toxicity tests.

When the value is missing or not analyzed, the value is
reported as "-9.0" = not analyzed. When the value is

less than the detection limit of the analytical test,

the value is reported as "-8.0" = not detected. Numeric
field, width 7 and 3 decimal places.

EEI_OQUNH3. Unionized ammonia concentration (ppm in water)
in overlying water  (water above bedded sediment) for

each station analyzed using amphipod toxicity tests.

When the value 1s missing or not analyzed, the value is
reported as "-9.0" = not analyzed. When the value 1is

less than the detection limit of the analytical test,

the value 1s reported as "-8.0" = not detected.

Numeric field, width 7 and 3 decimal places.

EEI_OH2S. Hydrogen sulfide concentration (ppm in

water) in overlying water (water above bedded sediment)
for each station analyzed using amphipod toxicity

tests. When the value is missing or not analyzed, the
value is reported as "-9.0" = not analyzed. When the
value is less than the detection limit of the

analytical test, the value is reported as "-8.0" = not
detected. Numeric fieéld, width 7 and 4 decimal places.
EEI_ITNH3. Total ammonia concentration (ppm in water) in
interstitial water (water within bedded sediment) for

each station analyzed using amphipod toxicity tests.

When the value i1s missing or not analyzed, the value is
reported as "-9.0" = not analyzed. When the value is

less than the detection limit of the analytical test,

the value is reported as "-8.0" = not detected.

Numeric field, width 7 and 3 decimal places.

EEI_IUNH3. Unionized ammonia concentration (ppm 1n
water) interstitial water (water within bedded

sediment.) for each station analyzed using amphipod
toxicity tests. When the value is missing or not

analyzed, the value is reported as "-9.0" = not

analyzed. When the value is less than the detection

- limit of the analytical test, the value is reported as

-8.0" = not detected. Numeric field, width 7 and 3
decimal places.
EEI_TH2S. Hydrogen sulfide concentration (ppm 1in

water) in interstitial water (water within bedded




sediment) for each station analyzed using amphipod i l
toxicity tests. When the value is missing or not '
analyzed, the value is reported as "-9.0" = not

analyzed. When the value is less than the detection

limit of the analytical test, the value is reported as
"-8.0" = not detected. Numeric field, width 7 and 4
decimal places. ' -

The following are descriptions of the field headings for the sea
urchin (Stronagvlocentrotus purpuratus) development toxicity
tests_(SPPD) using sediment pore (interstitial) water samples;
presented in fields 54 through 61. Results are given for
undlluted 1nterst1t1al water (100% pore water) .

54. SPPDlOO _MN. ctatlon mean percent normal development
in 100% pore water. Numeric field, width 6 and 0
decimal places. oo , ' :

55. SPPD100_SD. Station standard deviation of percent
normal development in 100% pore water. Numeric field,
width 6 and 0 decimal places.

56. SPPD100_SG. Station statistical significance,
representing the significance of the statistical test
between the home sediment and  the sample. A single *
represents significance at the .05 level, and double **
represents significance at the .01 level. 'ns = not
statistically significant. A "-9" indicates that no
statistics were run. Character field, width 5.

57. SPPD_BATCH. The batch number that the samples were
analyzed in, character width 10.
58. . SPPDQC. Data qualifier codes are notations used by

data reviewers to briefly describe, or qualify datea and
the systems producing data, numeric character width 4.
Data qualifier codes are as follows:

A.. When the sample meets or exceeds the control crlterla
requirements, the value is reported as "-=4".

B. When the sample has minor exceedences of control
criteria but is generally usable for most assessments
and reporting purposes, the value 1s reported as "-5",
.For samples coded "-5" it 1is recommended that if
assessments are made that are especially sensitive or
critical, the QA evaluations should be consulted before
using the data.

C. When the QA sample has major exceedences of control
criteria requlrements and the data i1s not usable for
most assessments and ‘reporting purposes, the value 1is
reported as "-6". '

D. When the sample has minor exceedences of control
criteria and is unllkely to affect assessments, the
value 1is reported as-

59. SPPD_ITNH3. Total ammonla concentration (ppm in
water) in interstitial water (water within bedded
sediment) for each station analyzed using urchin
toxicity tests. When the value 1s missing or not
analyzed, the value is reported as "-9.0" = not



analyzed. When the value is less than the detection
limit of the analytical test, the value is reported as

"-8.0" = not detected. Numeric field, width 7 and 3
decimal places. ‘ : o
60.. SPPD_IUNH3. Unionized ammonia concentration (ppm in

water) in interstitial water (water within bedded
sediment) for each station analyzed using urchin
toxicity tests. When the value is missing or not
analyzed, the value is reported as "-9.0" = not
analyzed. When the value is less than the detection
limit of the analytical test, the value is reported as -

"-8.0" = not detected. Numeric field, width 7 and 3
- decimal places. ‘
61. SPPD_IH2S. Hydrogen sulfide concentration (ppm in

water) in inteérstitial water (water within bedded
sediment) for each station analyzed using urchin
toxicity tests. When the value is missing or not
analyzed, the value is reported as "-9.0" = not
analyzed. When the value is less than the detection
limit of the analytical test, the value is reported as
"-8.0"= not detected. ‘Numeric field, width 7 and 4
decimal places. :

The follgwing are descriptions of the field headings for the sea
urchin (Stron r tus) development toxicity
tests (SPDI), using the sediment/water interface exposure to
intact sediment cores; presented in -fields 62 through 72.

62. SPDI_MN. Station mean percent normal development in
the sediment/water interface exposure. Numeric field,

~ width 6 and 0 decimal places. : _

63. SPDI_SD. Station standard deviation of percent ncormal
development in the sediment/water interface exposure.
Numeric field, width 6 and 0 decimal places.

64. SPDI_SG. Station statistical significance,
representing the significance of the statistical test
between the home sediment and the sample. A single *
represents significance at the .05 level, and double ~*
represents significance at the .01 level. ns = not
statistically significant. A "-9" indicates that rno
statistics were run. Character field, width 5.

65. SPDI_BATCH. The batch number that the samples were
analyzed in, numeric character width 10.
6. SPDIQC. Data qualifier codes are notations used Ly

data reviewers to briefly describe, or qualify data and
the systems producing data, numeric character width 4.
Data qualifier codes are as follows:

A. When the sample meets or exceeds the control criterisa
requirements, the value 1s reported as "-4".

B. When the sample has minor exceedences of control
criteria but is generally usable for most assessments
and reporting purposes, the value is reported as "-&5*
Feor samples coded "-5" it is recommended that if

assessments are made that are especially sensitive or




67.

- 68.

69.

70.

71.

72,

critical, the QA eValuatlons should be consulted before
using the data.
When the QA sample has major exceedences of control

- criteria requirements and the data is not usable for .

most assessments and reporting purposes, the value is
reported as "-6".

When the sample has minor exceedences of control ‘
criteria and is unlikely to affect assessments, the
value 1s reported as -3.

SPDI_OTNH3. Total ammonia concentration (ppm in
water) in overlying water samples (water above bedded
sediment used for urchin toxicity tests). When the
value is missing or not analyzed, the value is reported
as "-9.0" = not analyzed. When the value is less than
the detection limit of the analytical test, the value
is reported as "-8.0" = not detected. Numeric field,
width 7 and 3 decimal places.

SPDI_OUNH3. © Unionized ammonia concentration (ppm in

. water) in overlying water samples (water above bedded

sediment) for each station analyzed using urchin
toxicity tests. When the value i1s missing or not
analyzed, the value is reported as "-3.0" = not
analyzed. When the value is less than the detection
limit of the analytical test, the value is reported as

"-8.0" = not detected. Numeric field, width 7 and 3
decimal places. v
SPDI_OH2S. Hydrogen sulfide concentration (ppm in

~water) in overlying water (water above bedded sediment)

for each station analyzed using urchin toxicity tests.
When the value is missing or not analy7ed the value 1is
reported as "-9.0" = not analyzed. When the value is

"less than the detection limit of the analytical test,
.the value is reported as "-8.0" = not detected. Numeric
field, width 7-and 4'decimal places.

SPDI_ITNH3.  Total ammonia concentration (ppm in
water) in interstitial water samples {(water within
bedded sediment) used for urchin toxicity tests. When
the value is missing or not analyzed, the value 1is :
reported as "-9.0" = not analyzed. When the value is
less than the detection limit of the analytical test,
the value is reported as "-8.0" = not detected.
Numeric field, width 7 and 3 decimal places.
SPDI_TUNH3, Unionized ammonia concentration (ppm in

water) in interstitial water samples (water within
bedded sediment) used for urchin toxicity tests. When
the value i1s missing or not analyzed, the value 1s
reported as "-9.0" = not analyzed. When the value is
less than the detection limit of the analytical test,
the value is reported as "-8.0" = not detected.
Numeric field, width!7 and 3 decimal places.
SPDI_TIH2S. Hydrogen sulfide concentration (ppm in

~water) in interstitial water samples (water within

bedded sediment) used for urchin toxicity tests. When
the value is missing or not analyzed, the value 1s



reported as "-9.0" = not analyzed. When the value is
less than the detection limit of the analytical test,
the value is reported as "-8.0"= not detected.
Numeric field, width 7 and 4-decimal places.

The following are descriptions of the field headings for the .
mussel larval (Mytilus edulis) shell development toxicity tests,

(MEP)

using pore (interstitial) water samples; presented in

fields 73 through 80. Results are given for undiluted
interstitial water (100% pore water).

73.

74 .

76.

77.

78.

MEP100_MN. Station mean percent normal development in
100% pore water. Numeric field, width 6 and 0 decimal
‘places. '

MEP100_SD. - Station standard deviation of percent

normal development in 100% pore water. Numeric field,
width 6 and 0 decimal places.
MEP100_SG. Station statistical significance,

_representing the significance of the statistical test

between the home sediment and the sample. A single *
represents significance at the .05 level, and double **
represents significance at the .01 level. ns = not
statistically significant. A "-9" indicates that no.
statistics were run. Character field, width 5.
MEPBATCH. The batch number that the samples were
analyzed .in, numeric character width 10.

MEPQC. Data qualifier codes are notations used by
data reviewers to briefly describe, or qualify data and
the systems producing data, numeric w1dth 4. Data
qualifier codes are as follows:

When the sample meets or exceeds the control criteria
requirements, the.value 1s reported as "-4".

When the sample has minor. exceedences of control
criteria but is generally usable for most assessments
and reporting purposes, the value is reported as "-5".
For samples coded "-5" it is recommended that if
assessments are made that are especially sensitive or
critical, the Q2 evaluations should be consulted before
using the data.

When the QA sample has major exceedences of control
criteria requirements and the data is not usable for
most assessments and reportlng purposes, the value is
reported as "-6".

When the sample has minor exceedences of control
criteria and 1s unlikely to affect assessments, the
value 1s reported as -3.

MEP_ITNH3. Total ammonia concentration (ppm in water)
in interstitial water samples (water within bedded
sediment} used for mussel toxicity tests. When the
value 1s missing or not analyzed, the value is reported

as "-9.0" = not analyzed. When the value is less than
the detection limit of the analytical test, the value
is reported as "-8.0" = not detected. Numeric field,

width 6 and 3 decimal places.




79. MEP_IUNH3. Unionized ammonia concentration (ppm in
water) in interstitial water samples (water within
bedded sediment) used for mussel toxicity tests. ¥When
the value is missing or not analyzed, the value is
reported as "-9.0" = not analyzed. When the value is
less than the detection limit of the analytical test,

“the value is reported as "-8.0" = not detected.
Numeric field, width 6 and 3 decimal places.

80. MEP_IH2S. Hydrogen sulfide concentration (ppm in
water) in interstitial water samples (water within
bedded sediment) used for mussel toxicity tests. When
the value is missing or not analyzed, the value is
reported as "-9.0" = not analyzed. When the value is
less than the detection limit of the analytical test,
the value is reported as "-8.0"= not detccted Numeric
field, width 7 and 4 dec1mal ‘places.

The following are descrlptlons of the field headings for the
leptostracan (Nebalia pugettensis) (NP) toxicity test using
homogenized sediment samples; presented in fields 81 through 91.

81l. NP_MN. Station mean survival. Numeric field wiﬂth 3
and 0 decimal places : .

82. NP_SD. Station standard deviation of mean survival
Numeric field, width 6 and 0 decimal places.

83. NP_SG. Station statistical significance, representing

the significance of the statistical test between the
home sediment and the sample. A single * represents
significance at the .05 level, and double **

" represents significance at the .01 level:. ns = not
statistically significant. A "-9" indicates that no
statistics were run. Character field, width 5.

NP_RATCH. The batch number that the samples were
‘analyzed in, character width 10.
NPQC. Data qualifier codes are notations used by data

reviewers to briefly describe, or qualify data and the
systems producing data, numeric width 4. Data,
qualifier codes are as follows:

A. When the sample meets or exceeds the control criteria
requirements, the value is reported as "-4".

B. When the sample has minor exceedences of control
criteria but is generally usable for most assessments
and reporting purposes, the value is reported as "-85",
For samples coded "-5" it is recommended that if
assessments are made that are especially sensitive or
critical, the QA evaluations should be consulted kefore
using the data.

C. When the QA sample has major exceedences of ‘control
‘criteria requirements and the data is not usable for
most asséssments and reporting purposes, the value iz
reported as "-6€".

D. When the sample has minor ewceedencec of controcl
criteria and is unlikely to affect assessments, the
value s reported as -3.



86. NP_OTNH3. Total ammonia concentration  (ppm in water)
in overlying water (water above bedded sediment) for
each station analyzed using leptostracan toxicity
tests. When the value is missing or not analyzed, the
value is reported as "-9.0" = not analyzed. When the
value is less than the detection limit of the
analytical test, the value is reported as "-8.0" = not
detected. Numeric field, width 7 and 3 decimal places.

87. NP_OUNH3. Unionized ammonia .concentration (ppm in
water) in overlying water (water above bedded sediment)
for each station analyzed using leptostracan toxicity
tests. When the value is missing or not analyzed, the
value is reported as "-9.0" = not analyzed. When the
value is less than the detection limit of the!
analytical test, the value is reported as "-8.0" = not
detected. Numeric field, width 7 and 3 decimal places.

88. NP_OH2S. Hydrogen sulfide concentration (ppm in
water) in overlying water (water above bedded sediment)
for each station analyzed using leptostracan toxicity
tests. When the value is missing or not analyzed, the
value is reported as "-9.0" = not analyzed. When the
value is less than the detection limit of the
analytical test, the value is reported as "-8.0" = not
detected. Numeric field, width 7 and 4 decimal places.

89. NP_ITNH3. Total ammonia -concentration (ppm in water)
in interstitial water (water within bedded sediment)
for each station analyzed using leptostracan toxicity
tests. When the value is missing or not analyzed, the

“value is reported as "-9.0" = not analyzed. When the
value is less than the detection limit of the :
analytical test, the value is reported as "-8.0" = not

. detected. Numeric field, width 7 and 3 decimal places.

90. NP_IUNH3. Unionized ammonia concentration (ppm in
water) in interstitial water (water within bedded
sediment) for each station analyzed using leptostracan
toxicity tests. When the value is missing or not
analyzed, the value is reported as "-9.0" = not
analyzed. When the value is less than the detecticn
limit of the analytical test, the value 1s reported as

"-8.0" = not detected. Numeric field, width 7 and 3
decimal places.
91. NP_IHZ2S. Hydrogen sulfide concentration (ppm in

water) in interstitial water (water within bedded
sediment) for each station analyzed using leptostracan
toxicity tests. When the value is missing or not
analyzed, the value is reported as "-9.0" = not
analyzed. Wwhen the value is less than the detection
limit of the analytical test, the value is reported as
"-8.0" = not detected. Numeric field, width 7 and 4
decimal places.

POLYCHAETE SURVIVAL TOXICITY TEST DATA. The following are
descriptions of the field headings for the polychaete worm

(Neanthes arenaceodentata) (NASURV) survival toxicity test using




homogenized sedimént,samples; presented in fiélds 92.£hrdugh

92. NASURV_MN. Station mean percent survival. - Numeric
field, width 6 and 0 decimal places.

93. ., NASURV_SD.. Station standard deviation of % survival.

' Numeric field, width ‘6 and 0 decimal places.

94. NASURV_SG. Station statistical significance,
representing the significance of the statistical test
between the home sediment and the sample. A single *
represents significarice at the .05 level, and double **
represents significance at the .01 level. ns = not
statistically significant. A "-9" indicates that no
statistics were run. Character. field, width 5.

POLYCHAETE GROWTH TOXICITY TEST DATA. The following are
descriptions of the field headings for the polychaete worm

" (Neanthes arenaceodentata) (NAWT) weight change toxicity test

using homogenized sediment samples; presented in fields 95
through 105.°

95, NAWT_MN. Station mean weight (gm) per worm. Numeric

field, width 6 and 1 decimal places.
9¢. NAWT_SD. Station standard deviation of mean welghc
(gm) per. Numeric field, width 6 and 1 decimal places.
97. NAWT_SG. Station statistical significance,

representing the significance of the statistical test
between the home sediment and the sample. A single *
represents significance at the .05 level, and double
** represents significance at the .01 level. ns = not
statistically significant. A "-9" indicates that no
statistics were run. Character field, width 5.

§8. NA_BATCH. The batch number that the samples were
analyzed in, numeric character width 10. |
89. NAQC. Data qualifier codes are notations used by data

reviewers to briefly describe, or qualify data and the
systems producing data, numeric character width 4.
Data qualifier codes are as follows:

When the sample meets or exceeds the control criteria
requirements, the value is reported as "-4".

B. When the sample has minor exceedences of control
criteria but is generally usable for most assessments
and reporting purposes, the value is reported as "-%5".
For samples coded "-5" it is recommended that if
assessments are made that are especially sensitive or
critical, the QA evaluatlons should be consulted before
using the data.

C. When the QA sample has major exceedences of control
criteria requirements and the data is not usable for
most assessments and reporting purposes, the value is
reported as "-6".

D. When the sample has minor exceedences of control
criteria and is unlikely to affect assessments, the

. value 1s reported as -3. ‘

100. NA_OTNH3. Total ammonia concentration (ppm

sl

g4 .



101.

102.

103.

104.

105.

in water) in overlying water (water above bedded
sediment) for each station analyzed using polvchaete
toxicity tests. When the value is missing or not
analyzed, the value is reported as "-9.0" = not
analyzed. When the value is less than the detection
limit of the analytical test, the value is reported as

"-8.0" = not detected. Numeric field, width 7 and 3
decimal places. T _ '
NA_OUNH3. Unionized ammonia concentration (ppm in

water) in overlying water (water above bedded sediment)
for each station anelyzed using polychaete toxicity
tests. When the value is missing or not analyzed, the
value is reported as "-9.0" = not analyzed. When the
value 1is less than the detection limit of the
analytical test, the value is reported as "-8.0" = not
detected. Numeric field, width 7 and 3 decimal places.
NA_OH2S. Hydrogen sulfide concentration (ppm in
water) in overlying water (water above bedded sediment)
for each station analyzed using polychaete toxicity
tests. When the value is missing or not analyzed, the
value is reported as "-9.0" = not analyzed. When the
value 1s less than the detection limit of the
analytical test, the value 1is reported as "-8.0" = not
detected. Numeric field, width 7 and 4 decimal places.
NA_ITNH3. Total ammonia concentration (ppm in water)
in interstitial water (water within bedded sediment)
for each station analyzed using polychaete toxicity
tests. When the value is missing or not analyzed, the
value 1s reported as "-%.0" = not analyzed. When the
value is less than the detection limit of the
analytical test, the value 1is reported as "-8.0" = not
detected. Numeric field, width 7 and 3 decimal places.
NA_IUNH3. Unionized ammonia concentration (ppm in

- water) in interstitial water (water within bedded
‘sediment) for each station analyzed using polychaete

toxicity tests. When the value is missing or not
analyzed, the value is reported as "-9.0" = not
analyzed. When the value 1s less than the detection
limit of the analytical test, the value 1s reported as

"-8.0" = not detected. Numeric field, width 7 and 3
decimal places.
NA_TIH2S. Hydrogen sulfide concentration (ppm in

water) 1in interstitial water (water within bedded
sediment) for each station analyzed using polychaete

. toxicity tests. When the value 1s missing or not

analyzed, the value is reported as "-9.0" = not
analyzed. When the value 1s less than the detection
limit of the analytical test, the value 1s reported as
"-8.0" = not detected. Numeric field, width 7 and 4

decimal places.
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1.0 Introduction

11 Contract authorization -

This Quality Assurance report accompanies the data for toxicity tests authorized for the San
Francisco Reference Site Study as part of the Bay Protection Toxicity and Cleanup?Pfogram (BPTCP). The
samples for this study were collected dﬁri'ng three separate sampling periods legs 31, 35, and 37. Toxiéity
testing was conducted at the California Department of Fish and Game's Marine Pollution _Siudies
Laboratory (MPSL), located at Granite Canyon, near Monterey, CA. Laboratory personnel and their
responsibilities are shown in Table 1. ‘ ,h

Toxicity tests fdr this study Wcré performed between April 1994 and May 1995. Testing on both
solid phase sediment samples and pore water samples were authorized under BPTCP Contract #FG 1405,
Task order # 2-5. Nine different tést protocols (five solid phase tests and four pore water tests) were used

totest up to 46 samples over the three sampling periods.

1.2 Completeness _

Toxicity testing was successfully completed on all samples, except for those in three tests that
failed to meet Quality Control criteria. Test failures affécted the following samples fqr which no data is 4
reported: Leg 31 Nebalia test ( Idorgs. 1219. 1222, 1225, 1228, and 1231); Leg 37 Nebalia test ‘(IdOr;gs.
1464 and 1467); and th_e Leg 35 Mussel test (Idorgs. 1398 - 141 l). This report documents all departures
from Quality Control criteria established in the toxicity testing portion of the BPTCP Quality Assurance
Project Plan (QAPP:1994), itemizes all departures from QAPP criteria, and provides a detailed evaluation
~ofall potential problems. Most departures were considered _td be of minor concern, and pose no serious '
compromise to data quality and acceptability. For problems of greater concern, details are provided to
allow for individual evaluation of the data. Evaluations for all departures from QAPP guidelines are

discussed in detail in Section 3.4.
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Marine Pollution Studies Laboratory: List of Stéff Responsibilities

Name

Position.

Responsibilities

Ron Tjeerdema

Principal Investigator
ucsc

- Primary responsibility for contract completion

Max Puckett

Laboratory Director
CDFG

-Directs laboratory operations

-Writes contracts

-Verifies sample lists

-Coordinates interaction among labs
-Manages data flow to central data base

John Hunt

Project Coordinator
UCSsC

-Supervises laboratory personnel

-Oversees analysis and completion of projects
-Develops and reviews QA Project Plans
-Reviews project data

-Reviews QA/QC documentation

-Generates and/or reviews final reports

Brian Anderson

Project Coordinator
UCsC

-Supervises laboratory personnel

-Oversees analysis and completion of projects
-Develops and reviews QA Project Plans
-Reviews project data '

-Reviews QA/QC documentation

-Generates and/or reviews final reports

Marilyn Herman

Administrative Assistant
UCSC .

-Processes invoices and maintains budget records

Shirley Tudor

Database manager
UcCsc

-Conducts and supervises data entry
-Manages laboratory data base
-Performs statistical analyses

.-Reviews data for QA acceptability

-Generates data reports
-Generates QA reports

Witold Piekarski

Laboratory Safety Officer
ucsc-

-Manages laboratory safety program
-Conducts toxicity tests

-Enters test data into data base
-Cultures test organisms

-Assists with facility maintenance
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Name Position Responsibilities
Bryn Phillips Laboratory QA Officer -Maintains QA logs and records
: ucsC -Manages sample receipt-and storage

-Schedules laboratory activities
-Oversees adherence to QA Project Plan
-Conducts toxicity tests

-Enters test data into data base
-Cultures test organisms -

-Assists with facility maintenance

Matt Englund

Laboratory technician
UCsC

-Conducts toxicity tests .

-Enters test data into data base
-Cultures test organisms .

-Assists with facility maintenance
-Orders laboratory supplies
-Supervises transportation of personnel

Michelle Hester

Laboratory technician -

UCsC

-Conducts toxicity tests
-Enters test data into data base
-Cultures test organisms

-Assists with development of new techmques

Steve Osborn

Laboratory technician
ucscC '

-Conducts toxicity tests
-Enters test data into data base
-Cultures test organisms’

Kelita Smith

Laboratory technician
UCSsC

-Conducts toxicity tests
-Cultures test organisms
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2.0 Summa_ry of Toxicity Testing Methods

All toxicity tests were conducted at the California Department of Fish and Game's Marine
Pollution Studies Laboratory (MPSL) at Granite Canyon, near Monterey, California. Toxicity tests were

conducted by personnel from the Institute of Marine Sciences, University of California, Santa Cruz

(Table 1).

2.1 Sample handling

Details of sampling methods and locations ére given in the main body of the data report. Fresh
pore water and bedded sediment samples were transported to MPSL in ice chests (4°C) from the sample
processing laboratory at Moss Landing. Transport time was one hour. Chain-of-custody procédures_
(described in the Quality Assurance Project Plan, 1994) were followed for each set of samples. Sample

" tracking logs were maintained at MPSL to document sample storage times and conditions, times of
removal and return to étorage, and final disposition. '

All sediment samples were handled according to procedures described in ASTM (1992). Bedded
sediment samples were held at 4°C until the day before a test, when they were removed from refrigeration
and loaded into test containers. All tests were initiated within 14 days of sample collection. Water quality
was measured at the beginning and end of all tests, and before water renewals in the Eohaustorius pore
water test and Neanthes test. At these times pH, temperature, sa]in‘ity, and dissolved oxygen were measured
in both overlying. water and interstitial water from all samples to verify that water quality criteria were
within the limits defined for the test protocol. Dissolved oxygen concentrations and pH were measured .
using an Orion EA940 expandable ion analyzer. Temperature of each sample was measured with a mercury
thermometer. Salinity was measured with a refractometer. Total ammonia and sulfide concentrations were
also measured at these times. Ammonia concentrations were measured using an ammonium ion specific
electrode (Orion model 95-12). Samples for sulfide measurement were preserved with zinc acetate and
stored in the dark until time of measurement. Sulfidé concentrations were measured on a
spectrophotometer using the colorimetric methylene blue method. Pore water for interstitial measurements
was extracted by centrifugation. _

Once at MPSL, pore water samples were held at 4°C until removed for testing. Pore water
samples with salfnities outside the specified range for each protocol were adjusted to test salinity.

Salinities were increased by the addition of hypersaline brine (60-80%o), drawn from partially frozen
seawater. Dilution water consisted of Granite Canyon seawater (32-34%o0). Water quality parameters for

each pore water sample were measured at the beginning and end of each test as described above.
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2.2 Ampelisca Test

- The Ampelisca test followed ASTM (1992) procedures for Ampelisca abdita. All Ampelisca were
obtained from East Coast Amphipod in Kingston, Rhode Island. Animals were Sh‘ipped in one gallon
polyethylene jars containing collection site sediment via overnight courier. Upon arrival at Granite
Canyon, the amphipods were acclimated to test salinity and temperature for 48 hours prior to inoculation
into the test containers. -

‘ ~ Test containers were one liter glass jars cohtaining 2'cm of sediment and filled to the 700 m! line
with 28 %o sea water. Sea water was adjusted to the appropriate salinity using spring water or distilled
well water. Test sediment and overlying water were allowed to equilibrate for 24 h, then 20 emphipo‘ds
were placed in each beaker along with 28 %o sea water to fill test containers to the one-liter line. Test
chambers were gently aerated and continuously illuminated. l

Five replicates of each samp‘]e were tested for 10 days. In addition, a negative sediment control
consnstmo of 5 replicates of amphipod collection site sediment was included with each set of samples
tested. Amphxpod emergence and visible survival was recorded daily. After 10 days samples were sieved
through a 0.405 mm Nitex screen to recover test animals, and the number of survivors was recorded for
each replicate. -

‘ Positive control reference tests were conducted concurrently with each sediment test using
cadmium chloride as a reference toxicant,‘ In these tests, amphipod mortality wasfecorded in three
replicates of four cadmium concentrations after a 96 h water-only exposure. A dilution water control
consisting of one micron-filtered Granite Canyon sea water was included in each test.

2.3 Eohaustorius Tests.

The Eohaustorius tests followed ASTM (19925 procedures for Eohaustorius eshiarius. All
Eohaustorius were obtained from Northwestern Aquatic Sciences in Yaquina Bay, Oregon. Animals were
separated into groups of approiimately 100 and placed in pblyethylene boxes containing Yaquina Bay
collection site sediment, then shipped on ice via overnight courier. Upon arrival at Granite Canyon, the
amphipods were slowly acclimated 2 %o per day to 28 %o (T = 15°C). Once acé?ix11ated. the animals were
held for an additional 48 h prior to inoculation into the test containers.

Solid-phase tests

Two solid phase tests were conducted using Eohaustorius amphipods, one with homogenized
sediment samples, and the other with intact field-collected sediment cores.

| For the homogenized sediment t_est.‘test containers were one liter glass jars containing 2 cm of
sediment and filled to the 700 m! line with 28%o sea water. Sea water was adjusted to the appropriate

salinity using spring water or distilled well water. Test sediment and overlying water were allowed to
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cdixilibrate for 24 h, then 20 amphipods were placed in each beaker along with 28%o sea water to fill test
containers to the one-liter line. Test chambers were gently aerated and contiﬁuously illuminated. |

Five repliéates_of each sample were tested for 10 days. In addition, a negative sediment control
consisting of.5 replicates of Yaquina Bay home sediment was 'i_ncluded with each set of samples tested.
Amphipod emergence was recorded daily. After 10 days, -sambles were sieved through a 0.5 mm Nitex
scfeen to recover the test animals, and the number of survivors was recorded for each replicate.

For the intact sediment test containers consisted of cores collected from grab samples by inserting
a 7.5 cm diameter polycarbonate core tube to a depth of 10 cm. Core tubes were capped on both ends and
transported to MPSL in coolers at 4°C. One day before test initiation, the space overlying the sediment
was filled with 28%o water. Test sediment and oyerlyir)g water were allowed to equilibrat¢ for 24 h, then
20 amphipods were placed in each core tube. The test procedure continued as described above.

i’ore water test '

Eohaustorius amphipods were also ﬁsed in a 10-day pore water test. Five amphipods were placed
in each of 5 replicates consisting of 250 ml glass crystallizing dishes contéining 50 ml pore water. Fifty
percent of the pore water was renewed every 96 hours. Survival was recorded at renewals and at the end of
10 days. Test containers were held in darkness and were not aerated.

Positive control reference tests were conducted concurrently with each test using cadmium
chloride as a reference toxicant. In these tests amphipod mortality was recorded in three replicates of four
cadmium concentrations after a 96 h water-only exposure. A dilution water control consisting of one

micron-filtered Granite Canyon sea water was included in each test.

2.4 Neanthes Tests

The Neanthes test followed procedures described in Puget Sound Protocols (1992). Emergent
juvenile Neanthes arenaceodentata (2-3 week-old) were obtained from Dr. Don Reish of California State
University at Long Beach, California. Worms were shipped in seawater in plastic bags at ambient
temperature via overnight courier. Upon arrival at MPSL, worms were allowed to acclimate gradually to
28 %o with < 2 %o daily incremental salinity adjustments at a temperature of 20°C. Once acclimated, the
worms were maintained at least 48 h, and no longer than 10 days, before the start of a test. -

Test containers consisted of one liter glass beakers, each containing 2 cm of sediment and filled
to the 700 ml line with 28%o sea water. Sea water was adjusted to the appropriate salinity using spring
water or distilled well water. After test sediment and overlying water were allowed to equilibrate for 24 h,
five worms were placed in each of five replicate beakers, and 28%o sea water was added up to the one-
liter line. A negative sediment control consisting of five replicates of Yaquina Bay sediment was included
with each set of samples tested. Test chambers were aerhted and illuminated continuously during the 20-

day test period. Worms were fed TetraMin® every 2 days, and overlying water was renewed every 3 days.
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After 20 days, samples were sieved through a 0.5 mm Nitex screen, and the number of surviving
worms recorded. Surviving worms from each replicate were wrapped ina piece of pre-weighed aluminum
foil, and plhced in a drying oven until reaching a constant weight. Each foil packet was then weighed to the

nearest 0.1mg. Worm survival and mean weight/worm for each replicate was calculated as follows:

‘ Percent worm survival = Number of surviving worms x 100

5

Mean weightworm = Total weight - foil weight x 100

v # surviving worms

Posmve control reference tests were conducted concurrently with each sediment test using
cadmxum chloride as a reférence toxicant.: In these tests, worm mortality was recorded in three rephcates
of four cadmium concentrations after a 96 h water-only exposure. A dilution water control consisting of

one micron-filtered Granite Canyon sea water was included in each test.

2.5 Nebalia Tests
Tests using Nebalia pugertensis followed ASTM (1992) procedures for amphipods. Test

organisms were collected from Elkhorn Slough near Moss Landing, California. Animals were held at
ambient water temperaturé and salinity in a 20-gallon aquarium filled to several cm with Moss Landing
beach sand.until the day of the test. Sediment sample preparation and test protocol was identical to that
described for Ampelisca. The home sediment control consisted of Moss Landing beach sand. Positive
co‘n_trol reference tests were conduct.ed concurrently with each sediment test using cadmium chloride asa
reference toxicant. In these tests, Nebalia rhortality was recorded in three replicates of four cadmium
concentrations after a 96 h water-only exposure. A dilution water control consisting of one micron-filtered

Granite Canyon sea water was included in each test.

2.6 Mussel Larval Development Tests

The bay mussel (Mytilus edulis) larval development test was conducted on all pore water samples.
Details of the test protocol are given in ASTM (1992). A brief description of the method follows.

Mussels were shipped via overmght courier and held at MPSL at ambient temperature (11-13 °C)
and salinity (32-34%o) until testing. On the day of a test, adult mussels were transferred to 25 °C water to
induce spawning through heat stress. Sperm and eggs were mixed in 28%o water to give a final sperm-to-

egg ratio of 15 to 1. After approximately 20 minutes, fertilized eggs were rinsed on a 25 pm screen to
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remove excess sperm. Embryos were distributed to the test containers after approximately 90% of the
embryos exhibited first cell cleavage (approximately 1 hour). ‘

Test containers were polyethylene-capped, sea water-leached, 20 ml glass scintillation vials
containing 10 mls of test solution. Each test container was inoculated with approximately 250 embryos
(25/ml). Porewater samples were tésted at 28 = 2 %o. Low salinity samples were adjusted to 28%o using
frozen seawater brine. Controls consisted of one micron-filtered Granite Canyon sea water adjusted to
28%o, and a separate brine control consisting of sea water brine adjusted to 28%o with distilled water. A
positive control reference test was conducted concurrently with each test using a dilution series of
cadmium chloride as a reference toxicant.

After a 48 hour exposure period, larvae were fixed in 5% buffered formalin. All larvae in each
container were examined under an inverted light microscope at 100x to determine the proportion of
normally developed larvae as described in ASTM (1992). The percentage normally developed larvae was

calculated as:

Observed number of live normal larvae x 100

Mean number of live embryos inoculated at start of test

2.7 Sea Urchin Larval Development Tests

The purple sea urchin (Strongylocentrotus purpuratus) larval development test was conduéted on
all porewater samples. Details of the test protocol are given in Dinnel (1992). A brief description of the
method follows.

Sea urchins were collected from the Monterey County coast near Granite Canyon and held at
MPSL at ambient seawater temperature and salinity until testing. Adult sea urchins were held in complete
darkness to preserve gonadal condition. On thé day of a test, urchins were induced to spawn in air by
injection with 0.5 m] of 0.5M KCIl. Eggs and sperm collected from the urchins were mixed in seawater at a
500 to 1 sperm to egg ratio, and embryos were distributed to fhe test containers within one hour of
fert.ilization. Test containers were polyethylene-capped, seawater-leached, 20 ml glass scintillation vials
containing 5 mls of porewater. Each test container was inoculated with approximately 150 embryos
(30/ml). Laboratory controls were included with each set of samples tested. Controls included a dilution
control consisting of MPSL seawater and a brine control with all samples that required brine adjustment.
Tests were conducted at ambient seawater sélinity + 2%eo0. A positive control reference test was conducted
concurrently with each porewater test using a dilution series of copper chloride as a reference toxicant.

After an exposure period of 72 hours, larvae were fixed in 5% buffered formalin.. Approximately

one hundred larvae in each container were examined under an inverted light microscope at 100x to
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determine the proportion of normally developed larvae as described by Dinnel (1992). -

Percent normal development was calculated as:

Number of normally developed larvae  x 100

.- Total number of larvae counted

The sea urchin larval development test was also conducted at the sediment- water interface of
intact sediment core samples . Test containers consisted of a 37 um screen tube placed within 1cm of the
surface of an intact sediment core. Seawater at ambient salinity was poured into:t'h;e(s‘creen tube at the
surface of each core and allowed to equilibrate for 24 hours before the start of a test. Sea urchin embryos
were prepared as described above and approximately 250 embryos were introduced into each screen tube.
Laboratory controls consisted of Yaquina Bay amphipod home sediment from quthwéstern Agquatic
Sciences. After an exposure period of 72 hours; screen tubes were removed from the sediment cores and
flushed with seawater. Larvae were rinsed into 20 m! scintillation vials and fixed in 5% buffered formalin.
One hundred larvae in each container were examincd under an inverted light microscope at 100x to
determine the proportion of normally developed larvae as described by Dinnel (1992). Percent normal

development was calculated as:

Number of normally developed larvae  x 100

Total number of larvae

3.0 Quality Assurance and Evaluation

. This section assesses adherence to QA/QC guidelines established for the itdx‘ici‘ty tests used in the
BPTCP project, and summarized in the BPTCP Quality Assurance Project Plan (QAPP; 1993). Section 3.1
lists the test acceptability criteri'a. from published protocols for all tests. Section 3.2 shows a Quality
Assurance checklist that notes comphance for all tests with each of these criteria, Each Leg number in
Table 2 corresponds to a single test. Crnena that have been met are noted with a “/" in the checklist, and
departures from the criteria are noted with a number instead of a “v"". Section 3. 3 gives a description of
QC departure by sample , and assigns an evaluation code for each category of QC prob]em Section 3.4

evaluates each QC problem individually, and assesses overall data acceptability. .
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31 Test Accéptability Criteria

This section lists QA/QC test acceptability criteria for each toxicity test performed on samples

collected for the San Francisco Reference Site Study. Quality control criteria are ta{ken from published

protocols with modifications outlined in the BPTCP Quality Assurance Project Plan (1993).

Amphipod sediment test using Ampelisca (Protocol: ASTM, 1992)

Ref #

Quality control criterion
1 The mean control survival should be at > 90%.
2 . Survival in each control reblicate should be > 80%.
3 Home sediment sample should be incl'uded in each test.
4 A referenc;‘e toxicant test must be run'concurréndy with each test.
5 | Sediment can be held no longer than 14 days between the tim.e of collection and test start date.
6 Amphipods can be held iﬁ the lab no longer thah 14 days between time of collection and test start
date. ’
7 Amphipods must be acclimated to iest conditions for at least 48 houré before start of test.
8 Dissolved'oxygen levels in each sample should range belweeln 5.09 and 8.49 mg/L (6-100%
saturation at 15°C). :
9 Salinity of each sample should be 28%3 %o during the test.
10 Temperature of each sample should be 15+£2°C during the test.
11 Dissolved oxyvgen precision and accuracy must be less than or equal to 10%.
12 pH precision and accuracy must be less than or equal to 10%.
13 Salinity precision and accuracy must be less than or equal to 10%.
‘ 14 Ammonia precision .a'nd accuracy must be less than or equal to 30%.
Sulfide precision and accuracy must be less than or equal to 30%.
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Amphipod sediment test using Eohaustorius (Protocol: ASTM, 1992)

Ref # Quality control criterion

16 The méan control survival should be 2 90%.

17 Survival in each control replicat;e should be 2 80%."

18v Home sediment sample should be included in each test.

19 A reference foxicant test must b;e run concurrently with-each test; o

20 Sediment can be held no longerithan 14 days between the time of collectioﬁ and \estistart date.

21 | Amphipods can be held in the lab no longer than 14 days between time of collection and test start
date. ; :

22 Amphipods must be acclimatedjto test conditions fof at least 48 hours before start of test.

23 - Dissolved oxygen levels in each sample should range between 5.09 and 8.49 mg/L (60-100%
satu;ation nt.]5°C).

24 Salinity of each sdmple should be 28+3 %o during the test.

25 . Temperature of each sample should be 15£2°C during the test.

26 Dissolved oxygen precision anci accuracy must bé léss than or équa] ‘tc“) 10%.

27 pH precision and ac;:uracy must be less than or equal to 10%.

28 Salinity precision and accuracy must be less than ér equal to 10%.

29 Ammonia precision aﬁd accuraé:y must be less than or equal to 30%.

30 Sulfide precision-and accuracy must be less than or equal to 36%.

13
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Amphipod porewater test using Eohaustorius

Ref # Quali;y control criterion
31 Amphipods can be held in the lab no longer than 14 days between time of collection and test start
“date.
32 - Amphipods mustv be acclimated to test conditions for at least 48 hours before start of test.
33 Dissolved oxygen levels in each sample should range between 5.09 and 8.49 mg/L (60-100%
saturation at 15°C). . : :
34 Salinity of each sample should be 28:3 %o during the test.
35 Temperature of cach.sam}")-le should be; 15£2°C during thg test.
36 Dissolved oxygen precision and accuracy must be less than or equal to 10%. -
37 pH precision and accuracy must be less than or equal to 10%.
| 38 Salinity precision and accuracy must be less than or equal to 10%.
39 Ammonia precision and accuracy must be less fhan or equal to 30%.
40 B Sulfide precision and accuracy must be less than or equal to 30%.

14
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~ Amphipod intact sediment core test using Eohaustorius (Protocol: ASTM, 1992)

Ref # Quality control criterion

.41 The mean control survival should be 2 90%.
42 ' Survival in each control replicate should be 2 80%. -
43 | Home scdiment‘sample should be included in each test.
44 A reference toxicant test must bé run cdnéurrently with each test.
45 Sediment can be held no longer than 14 days between the time of collection and test start date.
- 46 Amphipods can be held in the lab no longer than 14 days between time oféoliection and test start
date. . ' ‘
47 Amphipbds must be acclimated to tesi conditions for at least 48 hours before start of test.

48 Dissolved oxygen levels in each sample should range between 5.09 and 8.49 mg/L (60-100%
saturation at-15°C). '

49 Salinity of each sample should be 283 %o during the test.

50 Temperature of each sample should be 15+2°C during the test.

51 Dissolved ‘oxygen precision and accuracy must be less than or equal to 10%.
52 pH precision and accuracy must be less than or equal to 10%.

53 Salinity \precision and accuracy must be less than or equal to 10%.

54 Ammonia precision and accuracy must be less than or equal to 30%.

55 Sulfide precision an\d accuracy must be less than or equal to 30%.
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- Mussel porewater test using Myfilus (Protocol: ASTM, 1992)

- 64

67

Ref # “Quality control criterion
56 70% of the embryos inoculated into control test containers must develop normally.
57 | Reference toxicant test control must be greater than or equﬁl to 70% normal.
58 | Brine control must be greater than or equal to.70% normal.
59 A reference toxicant test must be run concurrently with each test.
60 All test organisms mustbe oﬁt;xined from the samcvlocation.
61 Test must be.inoculated with embryos within féui hdurs of fertilization.
62 Dissolved oxygen must be measured at the start and end of the test.
63 -Dissolved oxy.gcn lévels in each sample should range between 5.09 and 8.49 mg/L (60-100%
saturation at 15°C).
Salinity of each sample should be 28+2 %o duriné the test.
65 Temperature of each‘samp]e should be 15+2°C during the test.
66 Dissolved oxygen precisidn and accurac,\‘/ must be less than or equal to 10%.
};H precision and accuracy must be less than or equal to 10%.
§8 Sélinity precision and accuracy must be less than'or equal to 10%.
69 Ammom:a precision and accuracy must be less than or equal to 30%.
70

Sulfide precision and accuracy must be less than or equal to 30%. .
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Neanthes tests (Protocol: Puget Sound Protocols 1991)

Ref # Quality control criterion

71 | The mean control.survival should be 2 90%.

72 Survival in 'each contfol replicate should be > 80%.

73 A reference toxicant test must be run concurrently with each test.

,74 | Sediment can be held no longer than 14 days between the time 'of co]léciion and test start date.

75 Worms can be held in the lab no longer than 14 days between time of collection and test start
' date. : '

76~ Worms must be acclimated to test conditions for at least 48 hours before start of test.

77 . Dissolved oxygen levels in each sample should range between 4.62 and 7.71 mg/L (60-100%

saturation at 20°C).

78‘ Salinity of each sample should be 28+2 %o during the test.

79 ' Temperat‘ure of each sample should be 20+2°C dx;ring the test.

80 A Dissolved oxygen precision and accuracy ﬁusl be less tl;an or equal to 10%.

81 pH precision and accuracy must be less than or equal to 10%.

82 Salinity precision and accuracy must be less than or equal to 10%.

83 Ammonia precision and accura(;y must be less than ‘or equal to 30%.

84 - ‘Sulfide precision and accuracy must be less than or equal to 30%.
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Leptostrécan sediment test using Nebalia (Protocol: adapted from ASTM (1992), for Amphipods)

Ref # Quality control criterion

85 The mean control survival ghouid be > 90%.

86 ‘Survival in each control replicafe sﬁould be » 80%.

87.- Home sediment sample should be included in each test.’

88 A reference toxicant teét must be run concurrently with each test.

89  Sediment ican be held no longer than 14 days between the time of collection and test start date.

90 Leptostracans caﬁ be held in the lab no longer than 14 days between time of collection and test
start date. . .

91 Leptostracans must be acclimated to test conditions for at least 48 hours before start of test.

92 Dissolved oxygen levels in each sample should range between 5.09 and 8.49 mg/L (60-100%
saturation at 15°C).

95 Salinity of each sample should be 28£3 %o during the test.

94 Temperature of each sample should be 15£2°C during the test.

95 . 'Dissolved oxygen prcc;sion and accuracy must be less than or equal to 10%.
96 pH precision and accuracy must be less than or equal to 10%.

97 Salinity precision and accuracy must be less than or equ.al to 10%.

98 - Ammonia precision and accura-cy must be less than or equal to 30%.

99 Sulfide precision and accuracy must be less than or equal to 30%.
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Strongylocentrotus purpuratus pore water test (Protocol: Dinnel, 1992)

Ref#  Quality control criterion

100 . The mean reference control survival should be » 70%.
101 The mean brine control survival:should be 2 70%.
102 © A reference toxicant test must be run concurrently with each test.

103 Dissolved oxygen lévels in eacﬁlsample should range between 4.91 and 8.19 mg/L (60-100%
saturation at 15°C), , . .

104 Salinity of each sample should be ambient + 2 %o during the test.

105 Temperature of each sample should be 15+2°C during the test.

106 Dissc;lved oxygen precision and accuracy must be less than or equal to 10%.
107 pH precision and accuracy muét‘b:’; less than or equal to 10%.

108 Salinity precision and aécuracy must be less than or equal to 10%.

109 Ammonia precision and accuracy must be less than or equal to 30%.

110 Sulfide precision and accuracy r:r%ust be less than or equal to 30%.
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Sediment-water interface test using Strongylocentrotus purpuratus (Protocol: adapted from Dinnel,
1992)

Ref # Quality control criterion

111 - The mean reference control survival should be > 70%.
112 The mean brine control survival should be 2 70%.
113 A reference toxicant test must be run concurrently with each test.

114 Dissolved oxygen levels in each sample should range between 4.91 and 8.19 mg/L (60-100%
: saturation at 15°C). :

115 Salinity of each sample should be ambient + 2 %o during the test.

116 Temperature of each sample should be 1512°C dqring the test.

117 Dissolved oxygen precision and accuracy must be less than or equal to 10%.
118 pH preéision and accuracy must be Iegs than or equal to 10%.

119 Salinity precision and accuracy must be less than or equal to 10%.

120 Ammonia precision and accuracy must Be less thén or equal to 30%.

121 Sulfide precision and accuracy must be Jess thaﬁ or equal to 30%.
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3.2. Summary of QC test acceptability

Table 2. Checklist indicating adherence to QC test acceptability criteria outlined in Section 3.1. Each Leg
corresponds to a single toxicity test. Reference numbers for criteria match with those in Section 3.1.

"/* indicates adherence to QC criterion. Numbers indicate a departure from the given criterion; each of
these items is explained in detai! for each sample in Table 3.

Ampelisca abdita sediment test 31 35 37a 37b
1 Control mean > 90% 1 1 v v
2 All control replicates > 80% v/ 2 v o/
3 Reference sediment sample included v v v v
4 Reference toxicant test run v v v/ v
5 < 2 weeks sediment holding period v/ v v/ 4
6 < 2 weeks amphipod holding period v v v v
7 > 48 hr amphipod acclimation period 7 v o 7 v
8 5.095 DOs< 8.49 mg/I ’ 8 8 v/ v/
9 Salinity 2843 %o v v 9 v
10 _Temperature 15+2°C v v v v
11 "DO Precision /Accuracys 10% v v v v
12 pH Precision/Accuracys 10% v v v v
13 . Salinity Precision/Accuracys 10% v e v R4
14 Ammonia Precision/Accuracys 30% v v v 14
15 Sulfide Precision/Accuracys 30% v v v v
Eohaustorius sediment test 31 35 37a 37b

‘16 Control mean 2 90%

17 All control replicates 2 80%

18 Reference sediment sample included
19 Reference toxicant test run

20 < 2 weeks sediment holding period
21 < 2 weeks amphipod holding period
22 2 48 hr amphipod acclimation period

23 5.09< DOs 8.49 mg/l

24 Salinity 28+3 %0 )

25 Temperature 1522°C

26 DO Precision /Accuracys 10%

27 pH Precision/Accuracys 10%

28 Salinity Precision/Accuracys 10%
29 . Ammonia Precision/Accuracys 30%
30 Sulfide Precision/Accuracys 30%

CANNNCRNNRNNNNSNSNS
\\\\\\gmsxxxg\\
NI AN N N RN NN R
CRARNRRABCONNNNNS
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Eohaustorius porewater test 31 35 37a 37b
32 > 48 hr.amphipod acclimation period v v v v
33 5.095 DO< 8.49 mg/l v 33 33 33
34 Salinity 283 %o v 34 v v
35 Temperature 15£2°C v/ v v/ v
36 DO Precision /Accuracys 10% v v v v
37 pH Precision/Accuracy< 10% v/ v v/ v
38 Salinity Precision/Accuracys 10% v v v v
39 Ammonia Precision/Accuracys 30% v v v v
40 Sulfide Precision/Accuracys< 30%. v v v v
Eohaustorius intact core test 31 35 37a 37b
4] Control mean 2 50% v v NA NA
42 All control replicates 2 80% v v/ NA NA
43 Reference sediment sample included v/ v NA NA
44 Reference toxicant test run v v NA NA
45 < 2 weeks sediment holding period v v NA NA
46 < 2 weeks amphipod holding period v v - NA NA
47 2 48 hr amphipod acclimation period 4 v NA NA
48 5.09< DO« 8.49 mg/l ‘ v v NA NA
49 Salinity 28+3 %o - v v NA NA
50 Temperature 15+2°C v/ v NA NA
51 DO Precision /Accuracys 10% v v NA NA
52 pH Precision/Accuracys 10% v v NA NA
53 Salinity Precision/Accuracys 10% v v NA NA
54. Ammonia Precision/Accuracy s 30% v/ v NA NA
v v NA NA

S$5  Sulfide Precision/Accuracys 30%

22




Marine Pollution Studies Labbratory

Mytilus edulis development test

56 70% of introduced embryos result in normal
57 Reference control normal 2 70%

58 - Brine control normal > 70%

59 " Reference toxicant test run

60 All animals obtained from same location

61 Test inoculated within 4 hours

62 Initial and final DO and pH measured
63 5.09 < DO <8.49 mg/l :
64 Salinity 28+2 %o

65 Temperature 152 °C _

66 DO Precision /Accuracy s 10%

67 pH Precision/Accuracy < 10%

68 Salinity Precision/Accuracy s 10%
69 Ammonia Precision/Accuracy < 30%
70 . Sulfide Precision/Accuracy < 30%

Neanthes sediment test,

71 . Home sediment mean 2 90%

72 Each home sediment replicate 2 80%
73 Reference toxicant test run

74 s 2 weeks sediment holding period
75 < 2 weeks Neanthes holding period
76 2 48 hr Neanihes acclimation period

77 4.62 < DO < 7.71 mg/l

78 Salinity 28%2 %0

79 Temperature 20£2 °C

80 DO Precision /Accuracy s 10%

81 pH Precision/Accuracy s 10%

82 Salinity Precision/Accuracy s 10%
83 Ammonia Precision/Accuracy s 30%
84 Sulfide Precision/Accuracy s 30%
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31 35 37a 37b -
V NA V-
V NA v
YV NA .V v
/ NA v
/  NA V v/
V NA vV V
vV NA v/
V/ NA 6 6
vV NA V v
v NA. v
V/  NA -/ v
v NA v
v/ NA v
v NA v
V' NA V v
31 © 35 37a - 37b
NA 7V
NA v v
NA v v v
NA V. /Y
NA v v v
NA v/ v
NA 77 77 v
NA v/ 78 78
NA. v .V v
NA 80 v
NA S/ v
NA VLV v
NA v/ v
NA v
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Nebalia pugettensis sediment test ) : : 31 35 37a 37b
85 Control mean = 90% : NA v 85 NA.
. 86 All control replicates > 80% NA v Ve NA
87 Reference sediment sample included NA v 4 NA
88 Reference toxicant test run NA v/ v NA
89 < 2 weeks sediment holding period , NA v v NA
90 < 2 weeks amphipod holding period - NA v v NA
91 > 48 hr amphipod acclimation period . NA v v NA
92 5.09 < DO s 8.49 mg/l . NA ./ .NA
93 . Salinity 28+3 %o ' NA v A NA
94 . Temperature 15£2°C ' NA v v NA
95 " DO Precision /Accuracy < 10% NA ve v NA
96 pH Precision/Accuracy s 10% NA v v NA
97 Salinity Precision/Accuracy < 10% NA v v NA
98 Ammonia Precision/Accuracy < 30% NA v v NA
99 Sulfide Precision/Accuracy s 30% ' ’ NA v v NA

Strongylocentrotus purpuratus Development test 31 35 37a 37b
100 Reference control normal = 70% v 4 v v
101 Brine control normal > 70% v v v v
102  Reference toxicant test run v v v v
103 491 < DO < 8.19 mg/l 103 103 e 103
104 Salinity ambient + 2 %o v v v v
105 = Temperature 15£2 °C v v v v
106 DO Precision fAccuracy < 10% v v v 106
107 - pH Precision/Accuracy < 10% v v/ v 4
108 Salinity Precision/Accuracy < 10% v v v v
109 . Ammonia Precision/Accuracy s 30% v v v v
110 Sulfide Precision/Accuracy < 30% v v v v
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37a © 37b

Strongylocentrotus sediment-water interface test 31 . 35
111 Reference control normal > 70% 4 v v v
112 Brine control normal 2 70% v v/ ./
113 Reference toxicant test run v v/ oo/
114 491 s DO < 8.19mg/l v vy 7 114
115 Salinity 34+2%o 4 v 115 v
116 Temperature 1522 °C o/ v o
117 DO Precision /Accuracy < 10% v v v 117
118 pH Precision/Accuracy s 10% - oo/ v/ 4
119 Salinity Precision/Accuracy s 10% v v v v

" 120 Ammonia Precision/Accuracy < 30% - v v v v
121 Sulfide Precision/Accuracy < 30% v v v v
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3.3 Departures from Quality Control Criteria

Table 2. Details of quality control departures by sample number. QC departures are listed for each sample and for

BPTCP Toxicity Testing group QA Report

each test protocol. "Code” denotes test acceptability based on severity.of QC departures: -3 indicates minor

problems that are likely to have little to no impact on ' data assessment; -5 indicates problems of minor concern that

should be evaluated on an individual basis. "Test" codes are as follows: Aa = Ampelisca abdita; EeH =

Eohaustorius estuarius test in homogenized sediment; EeP = Eohaustorius pore water test, Me = Mytilus edulis

development test; Na = Neanthes arenaceodentata ; Np = Nebaiia pugettensis, SpD = Strongylocentrotus

purpuratus development test; Spl = Strongylocentrotus test at sediment-water interface of intact cores. Units are:

. mg/L for dissolved oxygen (DO); and %o for salinity measurements.

Station No. IDOrg. Leg Test QC Departureg Code
20005 1219 31 Aa Control mean =85%; amphipod acclimation -5
time was 6 hours.
20005 1220 31 Aa Control mean = 85%; amphipod acclimation -5
time was 6 hours.
20005 1221 31 Aa Control mean = 85%;‘ amphipod acclimation -5
_ time was 6 hours.,
20006 1222 31 © | Aa Control mean = 85%; amphipod acclimation -5
‘ time was 6 hours.
20006 1223 31 Aa Control mean = 85%; amphipod acclimation -5
time was.6 hours.
20006 1224 31 -Aa Control mean = 85%; alﬁphipod acclimation -5
| | time was 6 hours.
20007 1225 '51 Aa Control mean = 85%; amphipod acclimation -5
time was 6 hours.
20007 1226 3] Aa -Control mean = 85%,; amphipod acclimation -5
time was 6 hours.
20007 1227 31 Aa Control mean = 85%; amphipod acclimation -5
time was 6 hours.
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20008. 1228 31 Aa Control mean = 85%; amphipod acclimation -5

time was 6 hours.

20008 1229 31 Aa Control mean = 85%; amphipod acclimation -5.

time was 6 hours.

20008 ~ 11230 31 Aa Control mean = 85%; amphipod acclimation -5

K time was 6 hours.

20009 1231 31 Aa Control mean = 85%; amphipod acclimation” -5

time was 6 hours.

20009 . 1232 31 Aa Control mear. = 85%; amphipod acclimation -5
: time was 6 hours; DO =8.5] -

20009 1233 31 Aa Control mean = 85%; amphipod acclimation -5

time was 6 hours.

20005 1 1398 35 Aa Control mean = 81%; two control reps had 70% | -5

and 75% survival,

20005 1398 35 Ee H Final salinity = 32 , -3
20005 1398 35 Na DO precision = 11.2% | 1
20005 1398 135 SpD Initial DO = 8.35; final DO = 8.71 I )
20005 1399 35 "Aa Control mean = 81%; two control reps had >70% | -5

and 75% survival; initial DO = 8.71

20005 1399 35 | EeH | Final salinity = 32 ' -3
20005 1 1399 35 | Na | DO precision=11.2% - -3
20005 1399 35 | SpD | Initial DO=8.71; final DO =9.04 | , -3
20005 1400 35 | Aa - | Control mean = 81%; two control reps had 70% | -5

and 75% survival; initial DO = 8.77

20005 1400 |35 | Na DO precision = 11.2% 3
20005 1400 35 SpD Initial DO = 8.6; final DO =9.6 ‘ -3
20005 1401 35 Aa Control mean = 81%; two control reps had 70% -5

and 75% survival; initial DO = 8.98

20005 1401 35 Na DO precision =11.2% -3

20005 1401 35 SpD Initial DO'= 8.62; final DO = 9.18 -3
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20005 1402 35 Aa . Control mean = 81%; two control reps had 70% | -5
, ' and 75% survival; initial DO = 8.55

20005 1402 35 | EeH | Initial DO = 8.56; final salinity = 32 -3

20005 1402 35 Na DO‘precision =11.2% v -3

20005 - 1402 35 SpD | Initial DO = 8.74; final DO = 8.74 -3

20006 1403 35 Aa Control mean = 81%; two control reps had 70% -5
and 75%'sﬁrvival,

20006 1403 35 Na DO precision = 11.2% - ' -3

20006 1403 35 SpD | Initial DO = 8.52; final DO = 8.58 -3

20007 1404 35 Aa Control mean = 81%; two control reps had 70% -5
and 75% survival.

20007 1404 35 Na DO precision = 11.2% -3,

20007 1404 35 SpD Initial DO = 8.32; final DO = 9.02 -3

20007 1405 35- Aa Control mean = 81%; two control reps had 70% -5
and 75% survival.

20007 1405 35 Na DO precision = 11.2% -3

20007 1405 | 35 SpD Initial DO = 8.38; final DO = 9.41 -3

20007 | 1406 35 Aa | Control mean = 81%; two control reps had 70% -5

and 75% survival.

20007 1406 35 | Na DO precision = 11.2% 3
20007 1406 35 | SpD Initial DO = 8.44; final DO = 9.44 -3
20009 1407 35 Aa Contro! mean = 81%; two control reps had 70% -5

and 75% survival,

20009 1407 35 EeP New renewal salinity = 34 -3
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20009 1407 35 |Na | DOprecision=112% . -3
20009 1407 35 SpD Initial DO = 8.52, final DO = 8.55 : -3
20009 - | 1408 35 Aa Control mean = 81%; two control reps had 70% -5

and 75% survival; initial DO = 9.10

20009 1408 .35 Ee H Final salinity = 32 , -3
20009 1408 - 35 Ee P Initial DO = 8.78; new renewal salinity = 34 -3
20009 1408 135 Na DO precision =.11.2%; initial DO = 7.944 : -3
20009 1408 35 SpD Initial DO = 8.47 o 13
20009 1409 35 Aa Control mean = 81%; two cont'rpl reps had 70% -5
and 75% survival, inigial DO = 9.28, ﬁnal DO =
| 9.51 | |
’26009 o _ 1409 35 | EeP Initial DO = 8.61; ‘ne\;\? renewal salinity = 34 -3
20009 . 1409 35 Na DO precision = 1 1.2%; initial DO = 8.43 -3
20000~ |1409 |35 |SpD |Initial DO=876; final DO=8.24 3
20010 1410 35 Aa Control mean = 81%; two control reps had 70% | -5

and 75% survival; initial DO = 9.09 ‘

20010 1410 35 |EeP | InitialDO=857 -3
20010 1410 35 " | Na DO precision = 11.2%; initial DO = 8.32 -3
20010 1410 35 S:p‘D. Initial DO ‘='8.74; final DO =8.39 -3
2061 ! 1411 35 Aa | Control mean = 81%; two control reps had 70% -5

and 75% survival.

20011 1411 35 Ee P . | Old renewal salinity = 32 ‘-3
20011 ' 1411 35 Na DO precision = 11.2% ' -3
20011 1411 35 SpD Initial DO = 8.82 -3
20005 1461 37a Aa Amphipod.acclimation < 48 hours -5
20005 1461 37a ée H Ammonia aﬁcuracy =33%; initial DO = 8.56 -3
20005 | 1461 37a Ee 'P New renewal DO = 8.67; old renewal DO = 8.66 | -3
20005 | 1461 372 |Na | Control mean = 88% 5
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20005 1461 37a Np Control mean = 85% C -5
20005 1461 37b | Aa Ammonia precision = 33.6% -3
20005 1461 37b SpD Initial DO precision = 10.3%; initial DO -3

accuracy = 17.3%; final DO precision = 15.9%;
final DO accuracy = 17.8%

20005 1461 37b Spl Initial DO precision = 10.3%; initial DO -3
‘ accuracy = 17.3%; final DO precision = 15.9%;
final DO accuracy = 17.8%

20005 - 1462 37a Aa Amphipod acclimation < 48 hours -5
20005 1462 37a Ee H Ammonia accuracy = 33% -3
20005 1462 37a Na Control mean = 88% : -5
20005 1462 37a | Np Control mean = 85% : -5
20005 1462 [375 |Aa | Ammonia precision = 33.6% 3
20005 1462 | 37b SpD Initial DO precision = 10.3%; initial DO -3

accuracy = 17.3%; final DO precision = 15.9%;
final DO accuracy = 17.8%

20005 1462 37b Spl Initial DO precision = 10.3%; initial DO -3
accuracy = 17.3%; final DO precision = 15.9%;
final DO accuracy = 17.8%

’20005 1463 37a Aa Amphipod acclimation < 48 hours -5
20005 1463 37a Ee H. Ammonia accuracy = 33% -3
20005 _ 1463 37a Na Control mean = 88% ) -5
20005 1463 37a Np Control mean = 85% -5
20005 1463 37b Aa Ammonia precision = 33.6% 13

20005 1463 37b SpD Initial DO precision = 10.3%; initial DO -3
) accuracy = 17.3%; tinal DO precision = 15.9%;
final DO accuracy = 17.8%

20005 1463 37b Spl Initial DO precision = 10.3%; initial DO -3
accuracy = 17.3%; final DO precision = 15.9%;
final DO accuracy = 17.8%

20007 1464 372 | Aa Amphipod acclimation < 48 hours | 5

20007 1464 37a EeH Ammonia accuracy = 33% . -3
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20007 1464 372 |Na - | Control = 88% R s
20007 1464 37a | Np Control =85% R -5
20007 - 1464 37b | Aa Ammonia precision = 33.6% ’ -3
20007  |1464 |37 [EeH |IitalDO=9. | 3
20007 1464  |37b |EeP |FinaiDO=8387 S 3
20007 1464 37b §p D Initial DO precision = 10.3%; }nitia] DO - -3

accuracy =17.3%; final DO pfecision =15.9%;
final DO accuracy = 17.8%; initial DQ = 8.64;
final DO=929 -~ .

20007 1464 | 37b | Spl Initial DO precision = 10.3%; initial DO . -3
‘ accuracy = 17.3%; final DO precision = 15.9%;
final DO accuracy = 17.8%; final DO = 8.86

20007 1465 37a Aa - | Amphipod acclimation < 48 hours. , -5
20007 1465 372 |BeH | Ammoniaaccuracy=33% - 3
20007 _ 1465 37a Na | Contro! mean = 88% A ' s
20007 1465 37a | Np Control mean = 85% v -5
20007 | 1465 . |37 |Aa | Ammonia precision = 33.6% . 3
120007 1465 [ 376 |EBeH | Initial DO=9.14 o 3
20007 1465 37b EeP Old renewal DO = 8.97; final DO =9.01 -3
20007 1465 37b | SpD | Initial DO precision = 10.3%; initial DO 3

accuracy = 17.3%; final DO precision = 15.9%;
| final DO accuracy = 17.8%; initial DO = 8.23; -
tinal DO =9.32

20007 1465 37b Spl | Initial DO precision = 10.3%; initial DO - -3
accuracy = 17.3%; final DO precision = 15.9%;
final DO accuracy = 17.8%

120007 1466 | 37a Aa Amphipod acclimation < 48 hours -5
20007 1466 37a | EeH Ammonia accuracy = 33% ) -3
20007 1466 37a Na Control mean = 88% -5
20007 | 1466 37a | Np Control mean = 85% ' -5
20007 1466 37b Aa Ammonia precision = 33.6% -1 -3
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20007 - 1466 37b EeP Old renewal DO = 8.92; final DO = 9.03 -3
20007 1466 37b Me | Initial DO =87 -3

20007 1466 | 37b SpD Initial DO precision = 10.3%; initial DO -3
' accuracy = 17.3%,; final DO precision = 15.9%;
final DO accuracy = 17.8%; final DO =9.28

20007 1466 37b Spl Initial DO precision = 10.3%; initial DO -3
' ' accuracy = 17.3%; final DO precision = 15.9%; '
-final DO accuracy = 17.8%

20006 | 1467 37a Aa Amphipod acclimation < 48 hours ’ -5
1. - 1467 37a EeH Ammonia accuracy = 33% -3
| 1467 37a Na Control mean = 88% -5
1467 37a | Np | Control mean = 85% -5

1467 37b Aa Ammonia precision = 33.6% - -3

1467 - | 37b Ee H Initial DO = 8.96 . -3

! 1467 376 | EeP | Final DO =8.89 -3

;" 1467 37b SpD Initial DO precision = 10.3%; initial DO -3

: accuracy = 17.3%; final DO precision = 15.9%;
| final DO accuracy = 17.8%; initial DO = 8.34;

_ final DO = 9.29
\.I/,?} ‘Vl 1467 37 Spl Initial DO precision = 10.3%; initial DO -3
accuracy = 17.3%; final DO precision = 15.9%;
final DO accuracy = 17.8%; final DO = 8.62
20006 1468 37a Aa Amphipod acclimation < 48 hours -5
20006 1468 37a Ee H | Ammonia accuracy = 33% -3
20006 1468 37a Na - | Control mean = 88% -5
20006 1468 37a |-Np Control mean = 85% -5
20006 1468 37b Aa Ammonia precision = 33.6% -3
20006 - | 1468 37b Ee H Initial DO =9.28 -3

20006 1468 37b EeP Old renewal DO = 8.75; final DO = 9.03 -3
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20006 ' 1468 37b Sb D Initial DO preéision =10.3%;" i;m"tial DO K -3
' ' accuracy = 17.3%; final DO precisjon =159%;
final DO accuracy = 17.8%,; initial DO = 8.34,
final DO =9.27 - |

20006 . 1468 37 Si)"l Initial DO precision = 10.3%; initfal DO o -3
' accuracy = 17.3%; final DO précision = 15.9%;
final DO accuracy = 17.8%

20006 ] 1469 37a | Aa Amphipod acclimation < 48 hoirs ‘ -5
20006 | 1469 37a EeH Ammonia accuracy = 33% - -3
20006 1469 37a Na | Control mean = 88% o -5
20006 1469 37a  |'Np Control mean = 85% ' -5
20006 1469 37b | Aa Ammonia precision = 33.6% 3 -3
20006 - 1469 37b | EeH | Initial DO=9.17 ' -3
20006 1469 37b VEe P | Old renewal DO =8.74; final D.O = 8.99 -3
| 20006 1469 37b - sb D | Initial DO precision = 10.3%; initial DO -3

accuracy = 17.3%; final DO precision =15.9%;
final DO accuracy = 17.8%; injitial DO =839,
final DO = 9.25

20006 1469 137 Spl Initial DO preciﬁion = 10.3%; initial DO -3
‘ ‘| accuracy = 17.3%; final DO precision = 15.9%:;
final DO accuracy = 17.8%

20009 | 1470 37a Aa Amphipod acclimation < 48 hours -5
20009 ‘ 1470 Ee H Ammonia accuracy = 33% 1-3
20009 1470 Na Control mean = 88%; old renewal DO = 8.06; -5

old renewal salinity = 31

20009 1470 . Np Control mean = 85% : -5
20009 1470 {37 | Aa Ammonia precision = 33.6% 3
.20009 1470 37b ép D | Initial DO precision = 10.3%; initial DO -3

accuracy = 17.3%; final DO precision = 15.9%;
final DO accuracy = 17.8%
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20009 , 1470 [ 376 | SpI | Initial DO precision = 10.3%;. initial DO -3
' accuracy = 17.3%; final DO precision = 15.9%;
final DO accuracy = 17.8%

20012 1471. 37a Aa - | Amphipod acclimation < 48 hours -5

20012 1471 37a | EeH | Ammoniaaccuracy = 33%; initial DO=8.68 | -3

20012 1471 37a Na Control mean = 88%; old renewal salinity = 31; | -5
final salinity = 31; old renewal DO = 8.08 V

20012 | 147 372 [Np | Control mean = 85% | 5

20012 1471 37b Aa | Ammonia precision = 33.6% -3

20012 © {1471 37 | SpD Initial DO precision = 10.31%; initial DO -3

accuracy = 17.3%; final DO precision =15.9%;
final DO accuracy = 17.8%

20012 1471 37b S}SI : Initial DO precision = 10.3%; initial DO -3
accuracy = 17.3%; final DO precision = 15.9%;
final DO accuracy = 17.8%

20013 1472 37a Aa Amphipod acclimation < 48 hours; final salinity -*| -5
| =32

20013 1472 37a | EeH | Ammoniaaccuracy =33% . -3

20013 1472 37a Na Control mean = 88%, initial DO =7.78; old -5

| renewal DO =7.96; final salinity = 32

20013 1472 37a Np Control mean = 85% -5
20013 1472 370 | Spl Initial salinity = 28 -3
20013 1472 376 | Aa | Ammonia precision = 33.6% | 3
20013 1472~ | 37b SpD Initial DO precision = 10.3%; initial DO -3

accuracy = 17.3%; final DO precistion = 15.9%;
final DO accuracy = 17.8%

20013 1472 37b Spl Initial DO precision = 10.3%; initial DO 3
accuracy = 17.3%; final DO precision = 15.9%;
final DO accuracy = 17.8%

20013 1473 37a Aa Amphipod acclimation < 48 hours, final salinity -5
=32
20013 1473 | 37a Ee H Ammonia accuracy = 33%; initial DO = 8.7 -3
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20013 1473 37a EeP New renewal DO=8.74 -3

20013 1473 37a Na Control mean = 88% ‘ -5
20013 1473|372 |Np | Control mean = 85% s
20013 1473 - [376 | Aa Ammonia precision = 33.6% B R
20013 1473 37b Sb D Initial DO pre‘cisi,on = 10.3%; initial DO -3

accuracy = 17.3%; final DO precision = 15.9%;
final DO éccuracy =17.8%

20013 1473 37b Spl Initial DO precision = 10.3%; initial DO -3
accuracy = 17.3%; final DO precision = 15.9%;
final DO accuracy = 17.8%

20013 1474 37a Aa | Amphipod acclimation < 48 hours -5
20013 1474 37a Ee H Ammonia accu’facy =33% -3
20013 1474 37a Na Control mean = 88% -5
20013 | 1474 37a | Np | Control =85% | s
20013 | 1474 37b | Aa Ammonia precision = 33.6% C |3
200[3 1474 37b | SpD Initial DO precision = 10.3%; initial DO . -3

accuracy = 17.3%; final DO precision = 15.9%;
final DO accuracy = 17.8%

20013 1474 37b Spl Initial DO precision = 10.3%; initial DO -3
accuracy = 17.3%, final DO p_récision =15.9%;
final DO accuracy = 17.8%

/| 20014 1475 | 37a | Aa Amphipod acclimation < 48 hours -5
20014 ‘ 1475 37a Ee H Ammonia accuracy = 33% ‘ -3
20014 1475 37a Na Control mean = 88%; initial DO = 7.84; final -5

salinity = 32 | .
20014 : 1475 37a | Np Control mean = 85% ‘ . -5
20014 1475 37a Spl. Initial salinity = 29 -3
20014 1475 37b Aa Ammonia precision = 33.6% _ -3
20014 | 1475 37b Szp D | Initial DO precision = 10.3%; initial DO -3

accuracy = 17.3%; final DO precision = 15.9%;
final DO accuracy = 17.8%
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20014 1475 37b Spl Initial DO precision = 10.3%; initial DO -3
accuracy = 17.3%; final DO precision = 15.9%;
final DO accuracy = 17.8%

20014 1476 37a Aa Amphipod acclimation < 48 hours, final salinity -5
=32

20014 1476 372 |EeH | Ammonia accuracy = 33%:; initial DO = 8.58 3

20014 . | 1476 37a | Na | Control mean = 88% 5

20014 1476 |37a |Np | Control mean =85% 5

20014 1476 376 | Aa Ammonia precision = 33.6% -3

20014 1476 37b SpD Initial DO precision = i0.3%; initial DO -3

accuracy = 17.3%; final DO precision = 15.9%;
final DO accuracy = 17.8% '

20014 1476 37b | Spl Initial DO precision = 10.3%; initial DO -3
' -accuracy = 17.3%; final DO precision = 15.9%;
‘final DO accuracy = 17.8%

20014 . 1477 37a | Aa Ampl'ﬂpod acclimation < 48 hours -5
20014 1477 37a Ee H Ammonia accuracy = 33%; initial DO = 8.69 -3
20014 1477 37a EeP New renewal DO = 8.56 -3
20014 1477 | 37a Na Control mean = 88% -5
20014 1477 37a Np Control mean = 85% : -5
20014 1477 37a Aa Ammonia precision = 33.6% -3
20014 1477 37a SpD | Initial DO precision = 10.3%; initial DO -3

“accuracy = 17.3%; final DO precision = 15.9%:

final DO accuracy = 17.8%.

20014 1477 37a Sp I Initial DO precision = 10.3%; initial DO -3
accuracy = 17.3%; final DO precision = 15.9%;

final DO accuracy = 17.8%
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3.4 Quality Assurance Discussion and Evaluation.

- Evalu'ation codes listed in Table 2 can be summariicd as follows: -4 = sample meets or
exceeds QC crltena -3 = sample has mmor exceedance of QA criteria and is unlnkely to affect
assessments. -5 = sample has minor exceedances but is generally usable for most assessments
and reporting purposes. It is recommended that if assessments are made that are especially
sensiti\-le or critical, the QA evaluations should be consulted before using the data.

The most notable concern was the results of the two first Ampelisca tests (sampling legs
31 and 35) in which control survival was below the 90% criterion. Subsequent tests using leg 37
samples were successful with control means of 91 and 96%. All tests were conducted in an
identical manner, adhering closely to 'QC procedures. The only difference between the successful
tests and those that failed was in the amphlpod source. For first two tests, Ampelz.vca were
obtamed from San Francisco Bay on the assumption that opumal test performance could be
achieved by using animals native to the reglon being sampled. In the two successful tests,
amphipods were obtained from an East Coast supplier. It appears that the East Coast Ampelisca
were more robust. In two Anmpelisca tests the animals arrived-at the laboratory less than 2 days
before the test, and had a 24-hour acclimation period to test temperature and salinity. While the
protocol guidelines recommend at least a 48-hr period for acclimation, we had more success
isolating and testing Ampelisca that had less than a 48 hour penod to build tubes before the test. In

1
at least one of these tests, control suwial was >90% mdlcatmg no adverse effects fo a short
acclimation period.

Other QC prob]éms concerned exceedances of water quality criteria. Dissolved oxygen
(DO) measurements were listed if they were outside the range established as the concentration
equivalent to 60-100% saturation at the test temperature. In all cases of departures from the
criteria, DO measurements exceeded the range. None were below 60% saturalio.n. While low DO
concentrations can have a significant impact on mortality in toxicity tests, concentrations s]iohtly ‘
lngher thun 100% saturation are not consxdered biologically important to the spec:es and life
stages used in these experiments, Consequently DO concentrations exceeding the ox\'en ranges
are unlikely to have had bnologlcal effects on test orgamsms.

Departures from the acceptable salinity ranges are‘gencrally associated with evaporation
that takes place in sediment tests that are aeréted for ten days or more. Most were associated with
the salinity measurenﬁents at the end of a sediment test or before renewals. The combined cffect
of aeration of the containers and the cold air circulation in the test room causes some water
e\'apofation during the 10-day test period for amphipods. High salinity samples in "th‘e

Eohaustorius porewater tests resulted from evaporation of the 50 mi test volume during the 96-
: , ‘
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hour periods between renewals. Measurements in most cases were no greater than 2 %o above the
prescribed range. .

Precision of water quality parameters is derived from repetitive measurements of
standard solutions at the beginning, middle and end of a series of water quality measurements for
a given toxicity test. Accuracy measufements are taken from a standard at the middle of the water
quality series. Several departures from the precision and accuracy criteria occurred, mostly for
dissolved oxygen. Allowable precision and accuracy 4is. 10%, and the highest exceedances were
16 % and 18% respectively. One exceedance each of the ammonia precision and accuracy was
noted at 34% and 33% respectively. The exceedances were small enough to warrant minimal

concern. -
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